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THE object of this scries is to bring into one focus the 
leading features and present position of tho most im- 
portant industries of the kingdom, so as to enable the 
general reader to comprehend the enormous develop- 
ment that has taken place within the last twenty or 
thirty years. It is evident that the great increase in 
education throughout the country has tended largely 
to foster a simultaneous interest in technical know- 
ledge, us evinced by the spread of Art and Science 
Schools, Trade Museums, International Exhibitions, 
iVrc. ; and this fact is borne out by a perusal of the 
daily papers, in which the prominence given to every 
improvement in trade or machinery attests the desire 
of the reading public to know more about these 
matters. Here, however, the difficulty commences, for 
the only means of acquiring this information are from 
handbooks to the various manufactures (which are 
usually too minute in detail for general instruction), 
from trade journals and the reports of scientific 
societies; and to obtain and systematize these scattered 
details is a labour and a tax upon time and patience 



which compamtivtOy few j>cra>jm care to tmrtuouiit. 
In these volniiiCH nil thene facts arc gathered together 
and presented in HP readable a tbrni as is compatible 
with accuracy aiii) it frtioloirj from superficiality; ami 
though they il< not lay claim to being a technical 
guide to each huhisU'y. the iiamtw of the contributors 
an- a Kiiiticient giuii'autftc- timt they are a reliable and 
sMunlard wor1\ o!' re-ferenc\ Great ptrcpy is laid on 
ilk- [trogressw developmeatis of die manufuctuiVM, and 
the varimiM applic-atiou^ to them of the collateral art* 
and Faience* ; the history of each is truly given, while 
proem pi'omucfe and recent inventions are succinctly 
described. 
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GUNS. 

BY THE LATE W. C. AiTKEN (Birmingham). 

THE manufacture of fire-arms had its origin in the 
discovery of saltpetre, charcoal, and sulphur, forming 
an explosive compound, now known as gunpowder. 
The Chinese appear to have been aware of its properties 
for upwards of* two thousand years, and employed it or 
a similar compound for purposes useful and orna- 
mental : in the former, for the removal of natural 
obstructions, as the blasting of rocks ; the latter, for 
the making of fireworks. Stanton, in his account of 
his embassy to that country, states that its force had 
not been directed through strong metallic tubes as in 
Europe, but Captain Parish (who formed one of the 
suite of Lord Macartney) discovered in the Great Wall, 
embrasures or perforations, similar to those in Euro- 
pean buildings, and he came to the conclusion that the 
Chinese used " jingulls " or wall guns, or some kind of 
fire-arms ; this suggestion is confirmed by a Spanish 
writer, on the authority of a monk who had travelled in 
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China, and gives even the name of the inventor of fire- 
arms. A letter written to the King of Spain by a captain 
in his service also says, that he saw a very old species 
of cannon in the arsenals of China. Nitre, the chief 
element in gunpowder, being a natural product alike 
of China and India, its properties would no doubt be 
investigated by the philosophers of these countries at a 
very early dute. A Hindu poet in 1200 speaks of 
the " loud reports, the noise of projectiles," as heard at 
a mile's distance ; and in 1368 Mohanimtmd Shah 
Bahnaiane captured in India 300 gun carriages, while 
artillery of old date was found by the Portuguese in 
India in 1498. The evidence is all in favour of gun- 
powder, or some other explosive, having been known in 
the East before it was used by the nations of Europe. 
Roger Bacon (born in 1214), in his Opus Magus, tells us 
how with an instrument as large as the human thumb, 
by the violence of the salt called saltpetre, so terrible 
a noise is made by so slight a thing as a bit of parch- 
ment, that it is thought to exceed loud thunder, and 
the flash is stronger than the brightest lightning. 
Schwartz, a monk of Cologne, is a rival claimant, 
though the date at once settles the priority of the 
invention in favour of Bacon. Englishmen, thirteen 
years after its discovery, made use of it in tubular 
formed implements from which to impel missiles ; 
Edward III. used cannon in his wars with the Scots 
in 1327, and Grose, the antiquary, quotes a Father 
Daniel, who says that the French first employed ord- 
nance in 1338. 

During the next two centuries we have several inci- 
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dents mentioned of fire-arms, under various names ; 
even Spain, which was then (1555) in the zenith of its 
glory and prosperity, using muskets, though very heavy, 
supported by a stave shod with iron to aid in taking 
aim.. Italy was not slow to recognize the use of port- 
able fire-arms, and at Pistoia in 1544 the lightest 
"small arm" up to that period was produced, viz. 
the pistol, which name was derived from the town 
where it was first made. 

The fire-arm of 1874, the united result of applied 
science and mechanism, whether produced by hand 
labour, or by ingenious automatic machines, presents a 
very great contrast to the roughly made "cannon" 
or " small arm " of a by-gone period. It is both 
instructing and entertaining to trace the early recog- 
nition of brooch loading and the revolving arm in 
collections, such as the Arsenal at Venice, the Museums 
of Florence and Dresden, the " Artillerie " at Paris, in 
our own Museums in this country, and in private col- 
lections, such as the " Meyrick." The revolving arm 
of Colt, and the whole family of modern breech loaders, 
have their prototypes in these examples ; and indeed 
the principle, somewhat crudely developed, was recog- 
nizable in the submerged guns fished up from the 
wreck of the ' Mary KOBC,' sunk in the reign of 
Henry VIII. It is also set forth on a patent taken 
out 210 years ago by one Abraham Hill, " which 
states that the breech rises upon a hinge by a motion 
under it, is let down again and bolted fast by one 
and the same motion ; and in another gun or pistol, 
with a hole at the upper end of the breech to receive 

B 2 
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the charge, the hole is opened or stopped by a piece of 
iron or steel, that lies along the side of the piece, 
movable by a ready and easy motion." 

The earliest portable fire-arm was a rudely formed 
tube of iron, tied or fastened to a straight pieoe of 
wood, the contents being discharged by a lighted match 
applied to priming powder, placed round the touchhole. 
A pan was next added under the touchhole, placed at 
the side of the tube, so as to retain the priming powder 




Wheel Lock, 1500. 

better ; and for the application of the match by hand, 
a simple lock was substituted, in which a cock slit to 
hold the match was kept back by a spring, so that on 
pulling the trigger, the match dropped down and ignited 
the powder in the pan. Italy and Germany claim the 
next improvement, viz. the " wheel " lock, which was 
wound up with a key, its mechanism being a steel 
wheel, the outer circumference of which was rough or 
furrowed, and having a chain attached to the axis by 
which a spring was wound up (as in an ordinary 
spring clock or watch), held by a ratchet. The latter, 



cms. 



relieved by the operation of the trigger, caused the steel 
to revolve against a piece of pyrites held in a " cock " 




Snaphaunce Pistol. 



head, which dropped against it in its revolution, pro- 
duced a stream of sparks, and ignited the priming 
powder in the pan. The Snaphaunce lock was due 
to the Dutch, and was the type of the flint lock, flint 
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being substituted for pyrites as the spark-producing 
material. Its construction was a cock carrying the 




Sunpliaunct. 

flint, a hinged furrowed piece of steel which covered the 
pan, and a trigger operating on springs which released 




Flint Lock used previous to introduction of percussion principle. 1. 

the cock bearing the flint. The flint locks of the old 
" Brown Bess " of the British army, altered into per- 
cussion only in 1842, or the fowling pieces used in 
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England for so many years prior to 1807, wero simply 
improvements on the construction of the "Snaphaunce" 
lock. 




Flint Lock used previous to introduction of percussion principle. 2. 

In 1807 a new principle was applied to the discharge 
of fire-arms, invented by Forsyth, viz. that of percus- 
sion, in which fulminating powder was substituted for 




Percussion principle illustrated. 

the flint, the cock which bore it being converted into a 
hammer. In its latest and most perfect development, 
the percussion lock may be described as follows. The 
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hammer was released by springs, and fell or was im- 
pelled upon a perforated steel nipple, on which was 
placed a small copper cap with some fulminating 
powder in its interior; the hlow of the hammer ex- 
ploded the fulminate, the fire or spark from which 
descended down the perforation in the nipple, com- 
municated with the powder in the barrel of the gun, and 
discharged its contents. The percussion principle 
deservedly held its place for half a century, or until 
the recognition of the breech-loading system, when the 
cartridge containing within itself the means of its own 
ignition, may be said to have entirely displaced it. 

When the superiority of the needle gun of Prussia, 
in 18G4, became apparent, and experiments proved 
that the danger arising from the use of cartridges con- 
taining their own means of discharge was a myth, the 
old system of construction of fire-arms may be said to 
have come to an end. Stock, lock, and barrel have 
been changed, and but little now remains of the old 
flint or percussion lock, all the features of which have 
given place to details more useful, but not so ex- 
ternally attractive. 

The recognition of the breech-loading principle 
has been followed up by nearly GOO inventors, pro- 
minent among whom are Snyder, Richards, Albini, 
Remington, Lancaster, and Martini, &c., from the 
needle gun of Prussia to the chassepot of France, 
and thence again down to the latest improvements in 
breech loading. Two ideas seem to have occupied the 
inventive mind. First, the opening of the breech by 
pulling back a bolt, which, after introducing the cart- 
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ridge, is again pushed forward, the handle of the bolt 
being turned down to the right, and hold in its socket 
like an ordinary domestic barrel bolt, though in the 




Bolt Gun Breech open. 

bolt of the gun there is an arrangement by which the 
cartridge can be discharged and its empty caso with- 
drawn. Secondly, as in the " Snyder," the block which 




Bolt Gun Breech closed. 



closes the breech opens to the right or to the left, is 
attached to the breech piece, and is hinged, turning 
freely. The outer or movable breech-closing piece of 
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metal is held fast by a spring bolt, on the exterior of 
which will be observed a projection or nipple; this 
contains a spindle held in position by a small spiral 




Suyder Breech-loader Breech open, 

spring, which, on being struck by the cock or hammer 
(on its release by the trigger), is driven against the 




Snyder Breech-loader Breech closed. 

end of the cartridge containing the fulminate, and dis- 
charges the piece. The fire communication is central 
to the charge, and provision is made for the with- 



GUNS. 



11 



drawal of the empty cartridge case by the opening of 
the breech for the introduction of a charged one instead. 
As the "percussion" principle took the place of the 
flint in 1842, so the breech loader replaced that of 
percussion, and the Enfield percussion rifles were con- 
verted, by simply cutting off a portion of the breech 
end of the old barrel and adding the new breech block 
thereto. 

Recently, however, authority in high places has 




Henri-Martini Breech-loading Rifle Breech open. 

declared in favour of the Henri-Martini system of 
breech loading, which is neither a bolt, nor a movable 
block opening to right or left, but consists in an oblong 
mortised iron box with a movable ringed lid operated 
upon by a lever, which might under the old flint system 
have been taken for the "guard." The cartridge is 
introduced by moving the lever, which depresses the 
lid or cover of the breech space, and permits of the 
introduction of the cartridge ; the lever is then moved 
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back, and by so doing raises the lid of the breech cover. 
Provision is made for the discharge of the cartridge, by 
the propulsion of a projecting spindle ; and after firing, 
the spent cartridge case is withdrawn by moving the 
lever, and the soldier, by tilting the "arm" to the 
right, drops it out. 

The chief points in the construction of guns, 
as regards locks or means of firing, having been 
glanced at, I will now come to the barrels, and more 
particularly the rifling of them, in order to direct the 




Henri-Martini Breech-loading Rifle Breech closed. 

bullet with certainty. Zollner, of Vienna, made one of 
the earliest examples in 1620, and Kostcr, of Nurem- 
berg, gave a spiral or winded direction to the grooves, 
in order to make the bullet spin on its own centre, 
while in England, Arnold Kouspen, a foreigner, in 1635, 
seems to have been the first " to rifle, cut out, or screw 
barrels as wyde or as close, or as deep or as shallow, 
as shall be required, with great ease." The grooves in 
rifle barrels vary in number from three to five or even 
seven. The Enfield rifle has three, the Whitworth 
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seven, but the different form of the cutter used con- 
verts what are practically grooves in other rifle barrels 
into convex threads, traversing the interior. The 
" Lancaster " rifle is at the mouth of the barrel appa- 
rently an oval " bore," but in the interior of the barrel 
the oval is " winded," with the intention of giving the 
spinning motion to the bullet. 

To suit the varieties of rifling, the bullets used now 




Varieties of Rifling. 

are no longer spherical, but elongated, nor are they 
cast in moulds, but made by compression with dies 
from coils of lead wire. The Whitworth bullet was 
made to fit the rifling of the barrel, but experience has 
proved this to be unnecessary, for the bullet is com- 
pressed by the explosion of the powder, so as to fit 
every groove. The "Express" bullet is in length 
twice its diameter, while lightness, which is an advan- 
tage for ordinary range and ensures the spinning of the 
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bullet, is secured, by its being made hollow and by the 
insertion of a solid ended copper tube, which may be 
filled with fulminate, and converted into a miniature 
shell, causing the bullet, on its meeting with an 
obstruction, to expand, and inflict a most dangerous 
injury. 

Modern requirements associate in the breech loader 
the bullet and ammunition in the form of a cartridge, 





A. Whitworth Bullet,. B. Kxpmss Bullet. C. Express Bullet in 
section, showing tube /or fulminate to convert into a Shell. 

which within the last ten years may be said to have 
created a new industry. The metal case was formerly 
made of thin paper, or as more recently in the " Boxer," 
of thin brass, and rolled up into a tube, but is now 
produced from flat discs of metal, converted by means 
of presses, aided by punches and bolsters, into seamless 
tubes. In this labour and in filling the cartridges 
upwards of 1500 females are engaged, and if to these 
are added 660, engaged in the manufacture of the per- 
cussion caps which are introduced into the cartridge, 
the aggregate number of hands employed amount to 
2100 in this auxiliary to the gun trade. 
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Vast establishments are occupied in the production 
of cartridges alone, and these have increased the con- 
sumption of the composite me- 
tal brass, requiring the labours 
of large numbers of metal roll- 
ers and others, employed in 
making the tools by which the 
cartridges are produced. 

I shall now briefly describe 
the manufacture of fire-arms ; 
gun making, as a trade and as 
a manufacture, being very dif- 
ferent things. The country gun- 
smith usually buys the barrel 
and mountings for the gun 
from the large manufacturer, 
the barrel being nearly finished, 
all except the last " bore." If 
for a rifle, it is "threaded" or 
rifled. He makes the mount- 
ings, such as butt plates, guard 
and lock plates, for the lock, the springs, &c., 
does all the fitting together of the iron work to the 
stock, and polishes, " browns,'' or " blues," the metal 
work. The country gunmaker can produce any part 
of a gun, but it will be evident that, had gun 
making been conducted on similar principles, England 
could never have achieved the position that she has, as 
the most successful gun manufacturing country in the 
world. 

In its great seat, Birmingham, advantage was taken 



Jv-* 

MM 
ti 



A. Cartridge case. 

li. The Nail. 

0. Cartridge in section. 

D. Ball in do, 

K. Powder. 

G. Percussion Cap struck 
by piston of breech-loaders 
to explode cartridge. 
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of the division of labour, and previous to the intro- 
duction of automatic machinery, the production of 
a gun was distributed over fifty individuals. There 
were welders of barrels, " borers " of the interior, 
" grinders " of the exterior, workmen to " file " and 
to " breech," make " ribs " and forge, or stamp the 
breech, forgers of various parts of the mountings of 
a gun, i. e. of butt plates, guard, trigger, and spring 
casters, when the mountings were cast, as in brass 
or in iron, thereafter to be made malleable by an- 
nealing in close iron boxes with ground haematite iron 
ore. There were special filers for these, while ram- 
rod forging formed a speciality, and there were also 
bayonet forgers; the two last named had each separate 
grinders, polishers, machiners, filers, and hardeners. 
There were band forgers and stampers, machiners 
and filers, while the " screw pins " which entered 
into the fitting together of the lock also formed a 
speciality. The " sights " by which aim is taken 
involved also a division of labour ; and there were 
trigger " boxers," filers of " lumps " and " break-offs," 
wloQ prepared only the breech end of the barrel ; " per- 
cussionors," who finished only the nipple seat ; " jig- 
gers," who fitted the nipple and adjusted the hammer 
which struck the cap on the nipple ; " stockers," 
who " let in " the barrels and locks to the stock ; 
"screwers," who put in the screws and completed 
what was left undone by the stocker; "strippers," 
who prepared the gun for rifling and proofing ; 
adjusters of the sight ; " smoothers," who prepared 
the barrels for colouring or " browning " ; finishers, 
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who distributed the various parts, and when they 
were returned from the several workmen, put the 
guns together and adjusted them. Besides " makers 
off," who gave the stocks their final linish, there were 
engravers, who executed the decorative enrichments; 
and lock " freers," who examined, and made the lock 
sweet and free in its action. 

The process of manufacture will now be described, 
previous to the introduction of the gun-making ma- 
chinery. In common guns, the barrel was forged 
from iron called u skclp," which was heated, turned 
up into a tube and welded at the junction of the 
two edges by the hammer, or by passing it through 
grooved rolls. The larger "bore" of the old guns 
permitted the use of a mandril in the operation of 
welding, while barrels of a middle and those of a 
superior Duality were made, by winding a ribbon or 
narrow strip of iron round a mandril in a spiral 
direction, welding the edges of the strip together. 
Another quality of very superior excellence was pro- 
duced, by taking a bar of steel and another of iron 
formed out of horseshoe nails, and welding them 
together. The bar produced was twisted, drawn into 
thin strips and again welded, and the barrel thus 
made was called a " Damascus twist " barrel. In 
another variety, very thin ribbons of steel were welded 
into one bar, while horseshoe nails formed another. 
Both bars were twisted, or welded into a single one, 
from which a strip was made, to bo wound round 
a mandril as already described, and welded at the 
junction of the twists. 

o 
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This imparted the twisted appear- 
ance observable on the barrels of best 
guns in the application of the acid 
used in "browning." The roughly 
forged barrel was then passed into 
the hands of the " borer," who, 
with his long-shanked square bits, 
placed the barrel on his bench, and 
by manual labour formerly, but by 
44 power " now, bored it out, the barrel 
in the process of boring being clipped 
by a clamp on which was a projecting 
pin while the bench in its external 
horizontal surface had also pins 
placed perpendicularly at certain 
distances. A bent level-, the fulcrum 
of which is gained from the pins on 
the frame, pressed upon and forced 
the barrel against the boring bits ; 
and during the operation, in order to 
keep the band cool, a supply of water 
trickled down upon it. The final 
boring of the barrel, after a succes- 
sion of " bits " had been passed 
through it, was facilitated by a box- 
wood splint applied on the sides of 
the bit, which reduced the cut, and 
rendered the polishing of the bore 
comparatively easy. The barrels, 
admitting that they were perfect, 
were then sent to the grinder, who 
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on largo stones sot in motion by power, ground the 
surface of the barrel with an accuracy and truth which 
long practice only could give. In some manufactories, 
the barrels were turned in a lathe by means of a 
travelling slide rest, but after being turned, they were 
still subjected to the grinding process. Then followed 
the fittiug-in of the breech pieces, which required the 
screwing of the interior of the butt end of the barrels. 
The setting of the barrel was accomplished with un- 
erring certainty by simply tk viewing," or looking down 
the interior, applying^ a judicious tup with a vvoodon 
mallet. 

The other portions of the gun, as butt-plate, guard, 
triggers, springs, &c., were originally produced by 
hand forging, but greater accuracy and diminished 
labour in removing excess of metal have resulted 
from the use of the stamp and die, in which is sunk 
the intaglio representation of the gun mount. The 
hammer of the stamp curries a counterpart of the die, 
on which the heated iron is laid ; the hammer descends, 
and a succession of blows produce a counterpart of the 
cut. The filers and finishers supplied with the iron 
blanks proceed to file up, tit, and otherwise finish the 
several parts, while those which could not be finished 
with the file or turning tool are worked by " grinders," 
or revolving tools, to which motion is given by the 
lathe, or drill-bore (chiefly the former). Screws are 
made, by which the several parts of the lock are ar- 
ticulated or placed in proper connection witli each 
other and fitted together, though yet unfinished, while 
the lock, barrel, and other parts are conveyed to the 

o 2 
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" stockcr," who fits them on the stock, and makes the 
necessary preparation for the reception of the ramrod. 
The fitting of metal parts to tho stock having been ac- 
complished, the gun is taken to pieces and distributed 
among the various workmen who have produced the 
several parts ; the sights are attached to tho barrels, 
which have previously been proved at the proof-house, 
and the hitter are then polished by friction with emery 
sticks und ore and sent to the " browner/' or eolourer, 
who, with his mixture of acid stain, can produce on 
inferior iron the appearance of "twists" and veins 
super ficiiilly, which gives such intrinsic value to the 
best barrels. 

Another system of gun making has been introduced 
within the last eighteen years, in which, so far as the 
formation of the several separate parts of a gun arc 
concerned, human labour is almost confined to tho 
superintendence of the machines by which the several 
parts are produced, and to that which no machinery will 
ever accomplish, viz. the connection and fitting together 
of the several portions made by the machinery. It 
must be evident also, where numbers of .articles are 
required for a given purpose, in which tasto forms no 
element, and practical usefulness is the only end aimed 
at, that, one example of a satisfactory kind having been 
made, the power of inventing tools or machines to re- 
produce its parts is not beyond the means of accom- 
plishment ; and that this can be done, and that every part 
can be made to be "interchangeable," was demonstrated 
by the Americans, upwards of a quarter of a century 
ago, at the Springfield Armoury, Massachusetts, U.S. 
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This system of gun manufacture, first reported upon 
by Sir Joseph Whitworth, when sent as English Com- 
missioner to the Now York Exhibition of 1853, re- 
sulted in a Commission being appointed, the members 
of whieh, military men or others immediately con- 
nected with the Board of Ordnance, reported on the 
efficiency and speed in productive power of the Spring- 
field machines. The Eniield gun manufactory was 
commenced and fitted up with American machines, 
and private local enterprise originated almost at the 
same time the small-arms factory at Small Heath, 
near Birmingham, where was adopted the same class of 
machines, which have since, been materially improved 
upon. At Eniiehl and Small Heath, stamps moved by 
Bteam, produce with unerring certainty from "blanks'* 
of iron of suitable size butt, lock, plates, arid portions 
of the lock, breech pieces, shoes, barrel -holder hoops, 
nose-caps for stocks, sights, guards, trigger pieces, 
bayonet blades, and sockets. Presses fitted up with 
cutting-out tools, punch out, trim, and relieve the 
Btampings from the superfluous metal, or " fins," left 
after stamping. Forging machines of rapid action 
draw out the " swivels," and afterwards bend into form, 
or forge the portions of the ramrod which are of unequal 
diameter, while steam hammers produce the heavy 
perforated breech pieces of the Martini and other 
breech loaders. 

The finish of the various portions which make up a 
gun or rifle is effected by machines, which carry drills, 
bits, grinders (or wheel cutters), all made to gauge and 
tested thereby, and which drill or open out the internal 
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parts of the portion to fit on. These are placed on 
mandrils, &c., corresponding to their internal configura- 
tion, and which, firmly held there, have their external 
contour delineated by machines fitted with tools, 
which operate as a planing machine horizontally, as a 
slide rest perpendicularly, or as rapidly revolving 
" grinders " (i.e. toothed steel wheels); the amount of 
" cut " is determined by a " tracer," which follows the 
contour of the model of the part desired to be copied 
and reproduced. Tho whole system employed is that 
invented by James Watt, and applied in his sculpturing 
machine nearly sixty-eight years ago (still to be seen 
dust- covered in his garret workshop at Heathfield, 
Handsworth), and also in the copying machines of 
M. Collas, Chcverton Bates, and Jordan's wood-carving 
machinery. The " tracer " defines the tool cuts, the 
depth of the cut is determined by the model traced, 
but all the machines, however numerous, whether 
operating on wood or metal, are simply copying, though 
copying with inidcviating accuracy even to the 3000th 
part of an inch. No hand labour could accomplish 
such accuracy or such unvarying uniformity, for a 
thousand portions produced by the machine are the 
same, and are " interchangeable." 

There are machines to produce and all but finish 
every part, though the irregular forms of some show 
that their internal and external contours necessitate 
the employment of many different machines. In some 
of these a change in the form of tool or cutter and the 
model to be copied will suffice, but in the production 
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of an Enfield rifle, the processes gone through exceed 
700, and this will explain the necessity for the variety 
and number of the machines used. 

In no parts of the machine-process of gun making 
is the advantage more strikingly apparent, than in the 
production of the " stock " of the gun, the fitting in 
of the lock, and the perforation of the wood through 
which the connecting screws pass, and in which the 
ramrod lodges. A gun stock made by hand is a slow, 
tedious, and expensive process. By machinery it is 
just the opposite, and is produced with all its pecu- 
liarities of varying thicknesses and sections in three 
minutes. It is turned in a lathe, t\vo changes of posi- 
tion only being required ; by the one the butt is pro- 
duced, up to where the lock fits ; by the other, the 
part on which the barrel rests, and into which the 
lock is fitted. As the stock-turning lathe embraces 
all the principles involved in gun making by machi- 
nery, a cut is introduced with the model and the 
stock in course of production, in situ. The " blank " 
of wood out of which the stock is made is received 
from the .stores in the form of the future stock, but 
very imperfectly. It is laid on a machine held by 
" guides " in a position to ensure the angle of the 
butt-end placed against the shoulder being correct ; if 
not, the excess of wood is removed with a circular saw, 
and it is then laid flat against a proper template, into 
which four movable points are fitted. A blow with a 
hammer drives these points into the end of the stock, 
leaving four holes, and the blank is then placed 



24 BRITISH MANUFACTURING INDUSTRIES. 

against four splices attached to a face-plate which re- 
volves with the spindle. The spikes fit into tho holes 
already perforated, and the wood which supports the 
barrel passes through a collar and is held at the part a 




Machine used for turning gun-stocks. 

A A. Bod of machine. 

B. Collar through which barrel end of stock is passed which 
revolves. 

0. The cast-iron model of stock. 

1). The wood <o produce the stock. 

K. The revolving head carrying face-plate against which butt 
end is fixed. 

F. The belt, winch gives motion to the lathe. 

G and H. Belts giving motion to cutting tools, and connecting 
these with the wheel-tracer K (which follows or passes over every 
part of the cast-iron model C). 

little beyond where the lock fixes ; the butt end is now 
" centered," and an iron model ' of the intended stock 
attached at a little distance from the " blank." The 
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"tracer" of the iron model is a revolving wheel of 
metal, which is forced hy a weight to press against the 
model, and to follow its varied contour hy means of a 
counterpoise weight suspended to the tracer. The 
cutting tools, twelve in number, are iitted to a block of 
metal arranged in a series of four ; the first four get 
rid of the superfluous timber (these are gouge-formed) ; 
the second produces a nearer approximation to the 
correct shape, while the last four chisels smooth 
the stock, to enable the final finish to be given with 
glass-paper by hand. The rationale of the operation of 
the stock-turning lathe is, that the tracing wheel follows 
the contour of the model and operates on the cutter 
block, and thus the former wood blank is converted 
into the finished stock with all its varying sections, 
thicknesses, and peculiarities of outline. 

The barrels, which are now formed entirely out of 
steel, not welded in ribbons as described before, but 
drilled through out of the solid, are bored with rimers to 
the size, and u rifled " by skilfully constructed machines. 
They are then turned in their entire length by slide 
rests, and the polishing of the barrel is also done by 
machinery. Accuracy in every part of the gun is 
ensured, by subjecting it to gauges of the most un- 
erring truthfulness ; the value of this accuracy is most 
important, as a portion of the arm when broken 
in service can be replaced from the stores of inter- 
changeable duplicates, by the simple removal of 
the broken part and the substitution of a perfect 
piece. The putting together may be said to be the 
only detail which requires skilled labour. The arm is 
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taken to pieces, which arc distributed, polished, and 
sent to " browner " or " bluer " ; the stock is glass- 
papered, oiled, and varnished, after which the parts 
are finally put together or " set up." They are then 
subjected to the examination of an authorized inspector, 
or "viewer," appointed by the Government or pur- 
chaser for whom the arms have been produced. 

The distinction between the production of fire-arms 
by the old method of hand labour and the new system 
of " machining " or automatic machinery having been 
described, the difference between the two methods will 
be readily understood. The former is liable to the 
errors of all hand labour ; in the latter, all things being 
properly attended to, the result must be absolute accu- 
racy. Prejudices against the system are rapidly being 
dispelled, for the makers are introducing machines to 
effect more readily certain portions of the work, and 
the workmen do not now object to use these appliances. 

Viewed as an industry, the manufacture of fire or 
small arms occupies no mean place among those of 
England, as the following brief summary will show. 
Of artisans employed : of males there are 12,017, and of 
females 306, of which about three-fifths are at work in 
and about Birmingham alone. Their earnings vary, but 
bear a relation to the ability and responsibility with 
which each discharged their several special require- 
ments, and all earn higher wages than those of France, 
where, previous to the last wars, the average varied from 
14s. 3d. to 16s. Id. per week. In Belgium, at Liege, 
tho centre of the gun trade, the average was 12s. per 
week, but this included the earnings of women and 
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children, and the average of men was 20. lOd. per 
week, exceptional cases realizing higher wages. 

It was probably owing to the knowledge, that in no 
town in England were to be found so many mechanics 
capable of executing new work as in Birmingham, that 
gun making became one of the great British industries. 

In the reign of William III., the ability of the work- 
men, in adapting themselves to the production of now 
special objects in metal, was the subject of a letter 
from the War Department to Sir liicliard Newdigatc, 
at Arbury, near Warwick, directing his attention to two 
Snaphauncc muskets of two different patterns (sent 
by the Tamworth carrier), and asking him to cause 
them to be shown to u yo Birmingham workemen," 
requesting him to ascertain their ability to make, and 
if they could undertake the production of similar 
articles, and to states their lowest price for a complete 
" musquet " ready fixed ; or for a barrel, or a lock, " or 
together as they will make them." A reply was sent, 
and three years after a trial order was received, in 
which we recognize, for the fir.st time, the safeguard 
element of a " proof-house for barrels," an official 
" viewer," and an official mark after " viewing" struck 
on every portion of the "arm." The price of the 
"musquets" was 17s. each, and their carriage to 
London, at the rate of 3s. per hundredweight They 
were to be sent in quantities of 100, and cash paid a 
week after delivery. Up to the period when the above 
order was given, all the guns for the English army 
were made in and imported from Germany. The manu- 
facture of military fire-arms in Birmingham continued 
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brisk up to the peace of 171-1. The production of 
sporting gnus was commenced there in 17 ( J3. In 1803 
the demand for military guns again became urgent, 
and exceeded the Birmingham power of production, so 
that supplies were again purchased from Germany. 
Tho energy of the manufacturers caused artisans 
engaged in other metal trades to flock to their work- 
shops, and materially to increase the supply of guns. 
Statistics show that from March 31st, 181)1, to Sep- 
tember, 1815, they produced of muskets, rifles, carabines, 
and pistols 1,743,382, and for tlie Board of Ordnance 
during the throe years from August 14, 1814, to 
August, 1817, of muskets of a new pattern 84,507, or 
a total of 2,673,300. In addition to those, within the 
period from March 1804 to 1817, Birmingham supplied 
to the Board of Ordnance 3,037,044 gun and other fire- 
arm barrels, and made 2,879,203 locks for rifles, 
carabines, and pistols, besides furnishing materials for 
1,000,000 guns for the East Indies, and for its own 
trade 500,000 fowling-pieces. In a national point of 
view, the importance of the manufacture of guns is 
increased, by a knowledge of the fact that the Royal 
Gun Factory ami manufacturers in London, from 1803 
to 1816, produced 845,366 military guns. The total 
number of complete tire-arms produced in Birmingham, 
from 1804 to 1815 inclusive, reached 5,000,000, or at 
the rate of 416,068 per annum ; and in the ten years 
from 1854 to 1864 (including the Eufield production), 
to 611,630. By comparison, the Belgian for forty-four 
years, from 1820 to 1864, is considerably under the 
English rate of production (even at the former period 
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in 1804 to 1815, it amounted only to 403,360 per 
annum), while 11 J years of the production of ten 
arsenal factories (September 1802, to December 1814) 
in France average only 210,039 per annum. 

Tested by money value, the result is also in favour 
of England. In eight years, 1857 to 1864, the average 
value of guns exported by Franco, amounted to i66,264Z. 
per annum. Belgium in ten years, 1855 to 1804, ex- 
ported 6,842,264 guns at 24s. each, value 8,210,716Z. 
England in the same period exported 4,632,954 at 
32*. 5d., and 978,219 at 00*. each, value 10,443,993?.. 

The fluctuating nature; of the gun trade is an observ- 
able feature. From the peace of 1815 but little was 
done in military anus, until the Crimean war, save the 
conversion of the flint locks of the old " Brown Bess " 
into percussion locks, while subsequently the American 
and Franco-German wars were important influences. 



NAILS. 

BY THE LATE W. C. AITKEX (Birmingham). 

IF the importance of an industry is to be estimated 
by the number of individuals engaged therein, one of 
the largest in the " hardware " division of manufactures 
would be that of wrought nails (made by hand), though 
the once numerous "hands" employed are rapidly 
decreasing. In 1830 it was estimated that 50,000 
men, women, and children were working, but in 1861 
the number only amounted to 26,000, and now (1874) 
the number employed scarcely exceeds 23,000. This 
arises no doubt from the introduction of machinery for 
the production of " cut " and " machine-wrought " nails, 
which, particularly the " cut," are rapidly displacing 
the " hand-made " nail in the market. This is scarcely 
to be regretted, as the condition socially and intel- 
lectually of those employed in the hand-made nail 
trade from the commencement down to the present 
time has ever been low. 

Nail making in this country can be distinctly traced 
to the improvements in the manufacture of iron, and 
particularly the introduction of "slitting" mills, by 
Shutz, a German, who arrived in this country in 1565, 
and was associated with William Humphrey (the then 
English Assay Master) in the management of Mines 
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Boyal, Mineral and Battery Works, the property of the 
Crown. These mills supplied nailers with raw material, 
in the form of " slit " rods ; the trade in consequence 
grew, and became localized where it now is. The chief 
centre of the nail trade is in the towns, villages, and 
hamlets around Dudley and Bromsgrove, an ancestor 
of the Folcy family in 1GOO having set up a slitting 
mill at his iron works near Stanbridge. 

The condition of the nailers in the early part of the 
reign of Queen Anne (1718) appears to have even 
then attracted attention, and in ' An Essay to Enable 
the Necessitous Poor to Pay Taxes ? it was stated that 
nailers worked from four o'clock on Monday morning to 
late on Saturday, to get 3s. per week, that sum being 
frequently reduced by the bad iron supplied. The 
remedy suggested was an extra advance of 6d. on every 
1000 of nails, to be apportioned as follows : 2df. to 
the nailer, Id. for a schoolmaster, school, books, and 
clothes for the nailer and his children, " to educate them 
to read their Bibles, and to write, that they may know 
their duty towards God and man, and to know them- 
selves;" Id. went to the wholesale dealer, and 2d to 
the " Corporation of Mines," &c. It is to be regretted 
that the reports of two Government commissions, ap- 
pointed respectively in the years 1841 and 1855, to 
inquire into the employment of children, disclosed the 
melancholy facts that the lapse of nearly 150 years had 
neither improved the dwellings, workshops, nor habits 
of a male or female nailer, and the education of their 
children, till now, has continued to be neglected. 

There are no large manufactories in which numbers 
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of nailers work under one roof. Nail making by hand 
is essentially a home trade, practised in small sheds, or 
shops, attached to dwellings, in which not unfrequontly 
the father, his sons, and daughters work together. The 
"forges" are rarely more than 15 feet hy 12 feet (the 
ordinary size is 10 by 9 feet), and the only means of 
ventilation is by the d<x>r, and of lighting, by two 
imglazcd apertures, while the interior is filthily dirty. 
The advantage taken of female labour in the trade is 
peculiar. One hundred and forty years ago, Hutton, 
in his journey to Birmingham, in the neighbourhood of 
Walsall, saw numbers of scantily clad women at work 
in little "smithies," and on inquiring if they shod 
horses, he was told they were nailers. Of the 26,000 
individuals employed in the trade in 1861, nearly 
11,000 were females. Division of labour enters into 
the nail trade, in so far as certain nailers confine them- 
selves to the production of only one kind of nail, the 
maker of " horse-shoeing nails " rarely or never making 
" rose " or " clasp," while the " tack " maker in turn 
confines himself to his speciality. The rapidity with 
which nails may be made is illustrated by the fact, 
that in two weeks a workman made 40,800 flooring 
"clasps," each of which was struck by a hammer 
weighing 2 Ib. twenty-five times, including the welding 
together pieces of nail rods which had become too short 
to work. The number of blows struck amounted to 
1,033,656 ; the rods were heated 42,836 times : a 
good example of rapidity, skill, and minuteness. The 
smallest variety of "tacks" sold, weighs 4 oz. per 
1000 ; and not unfrequently a skilful tack maker pro- 
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duced an equal number which did not exceed 20 grains 
in weight, and so small that they could all go into the 
barrel of a goose quill. 

The name "nail" is generally applied to all kinds 
of nails, but the several varieties with special names 
are legion, and are well known by those who use or sell 
them. An ordinary trade list embraces some thirty 
varieties, some being sold per Ib. or per cwt., others 
per 1000 ; but when 1000 is purchased (unless by 
" tale "), the purchaser only exceptionally gets his 
number, in all likelihood only between 750 and 
1000, though the nailer is paid by number or "tale" 
by the "nail master," who docs not count, but weighs 
the nails. 

The varieties of nails usually sold, consist of Rose 
and Flemish tacks, varying in length from .} up to 
| of an inch; there are other nails tack-like in form, 
larger in head, longer and thicker in shank, known as 
" Clout," Sacking," " Slute," " Tray," and " Saddler's" 
nails. "Rose" headed are distinguished by the head 
being elevated slightly, while on it four blows of the 
hammer are distinctly visible; "Clasp," by the head 
being formed by only two blows of the hammer. It is 
used in " flooring," and as it sinks readily below the 
surface of the wood into which it is driven, it is used 
generally for woodwork planed over after being put 
together. " Brads," which have only the indication of 
a head at one side, are produced by one blow of the 
hammer. These form the great bulk of hand-made 
nails produced in England, the remainder being made 
up of horse, Kent and Essex hurdle, gate, pipe, 
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plate, scupper, mop nails, and spikes, to which should 
be added the varieties used by the heavy shoe trade, as 
hobs, " sparrables," or " sparrow-bills," " tips," and 
" elenchers " ; " tenter " hooks, formerly used by dyers, 
&c., to dry the cloth dyed by them, are also made by 
nailers. Each has its special qualities distinguished 
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by such terms as Fine, Best, Best Best, and Weighty, 
while others made for export purposes bear the names 
of the several countries and the timbers for which 
they are intended; the nails made for Australia, for 
instance, would be rejected by the inhabitants of a 
colony or country where the wood is of a softer quality, 
and vice versa. 
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Nai] makers rarely work for themselves or their own 
profit, but for employers called " nail masters," who 
have warehouses in the districts where the trade is 
situated, and who, on certain days, give out nail rods 
to be worked up during the week. The nailer is paid 
for the quantity produced either in money or goods 
(by the " truck " system), the latter being generally 
high in price, and realizing a large profit to the nail 
master. 

The nail shop is small, and usually dirty, contain- 
ing a pair of bellows, and small anvils mounted on losv 
blocks, on which is fixed a chisel; the only tools, 
strictly speaking, being a peculiarly formed hammer, 
having a head with but one striking face, inclining 
towards the handle. The remaining tools arc pieces of 
steel, perforated at both ends, and a u bolster " through 
which to drop the pronged spike of the nail,- in order to 
form the head ; and with these simple appliances and 
tools the nail maker gets to work. He heats the nail 
rod on his hearth fire, by means of his bellows, turns 
to his anvil, rod in hand, and with a few blows of his 
hammer converts the blunt end of the rod into the spike 
of a nail, which is cut to length on the chisel while 
still attached to the rod; then seizing the "bolster," 
he drops the spike into one of its two holes, separates it 
from the rod, and by a few more blows converts the 
surplus iron projecting out of the bolster into a head. 
Other rods, ready heated, are withdrawn from the fire, 
and the operation repeated with great rapidity. 

All c< headed " nails are thus produced, except those 
of larger size, with ornamental, or moulded convex 
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heads, such as door studs, or for fixing upright water 
spouting, in which the head is formed by a " swage " 
or die, or a double hammer, called an " Oliver," worked 
by treadles connected with cords ; one hammer draws 
out the shank, while the spike end is dropped into a 
" bolster " under the other, which bears a die with a 
design for the head. The workman presses on the 
treadle, causes the hammer to descend on the piece 
of iron that protrudes from the surface of the bolster, 
and the ornamental head is produced. Horse nails 
are not " bolstered," the head being a part of the shank 
to fit into the groove which traverses the under surface 
of the " shoe," and formed at the same time as the 
shank by the hammer only. 

Patent machine-wrought nails up to the present 
time have been slowly, but gradually, finding their way 
into the market, selected in preference to " cut " 
by purchasers who consider hand- wrought as the 
best nail, but recognize in the machine- wrought many 
of its qualities, while the cost is less. Hitherto, the 
machine-made have been confined chiefly to the pro- 
duction of a very few varieties, such as " Kose," " Clasp," 
and " Horse " ; the characteristics of hand-wrought 
are well preserved, except as regards sharpness of the 
external angles of the shank : and there is a peculiarity 
in the form of the head of the clasp, in both " Clasp" 
and " Kose." The grip of the die to^form the head in the 
former compresses the shank immediately under the 
head, while in the latter variety, it widens or flattens 
the shank laterally. The shanks are thinner than 
their terminations, and this peculiarity compensates for 
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the liold gained by the sharp angles of hand-wrought, 
or the sharp and minutely rough angle of the cut 
nail ; the wood being elastic, when the machine- 
wrought nail is driven immediately under the head, 
the wood clings to the nail by its spring, and presents 
a resistance to its withdrawal, which apparently com- 
pensates for the want of the properties alluded to in 
the hand-made and the cut nail. Two characteristics 
are possessed by the hand-made over the machine- 
made nail, viz. elasticity and rigidity, and no system 
of compression by rolling will produce the uniform 
sharpness of angle, nor impart the rigid elastic pro- 
perty which can be obtained by percussion, resulting 
from the rapid blows of the nailer's hammer. And 
these attributes alone will ensure a demand for hand- 
wrought nails, especially " Horse," in preference to 
machine- wrought. 

Any description of the machines now used for patent 
wrought nails, by mere words, without the aid of 
illustrations, is impossible, for they are very complex 
from the multiplicity of the many separate pieces, 
such as cams, levers, wheels, heading bars, die holders, 
and dies, united in each machine. The earliest effort 
to compete with the hand-wrought nail was attempted 
in 1790 by means of rolling. On the circumference 
of a pair of rolls was incised or sunk a series of 
representations corresponding in intaglio to half a nail 
(if slit up longitudinally) ; and on the rolls being set 
in motion, a heated rod was taken in by them, and 
issued out as a string of nails, which only required to be 
disconnected, and the superfluous metal removed. Bjut 



38 BRITISH MANUFACTURING TNDUSTRTES. 

this took time, and tlicre was ft difficulty in regulating 
or "register ing" the rolls, viz. placing half heads and 
shanks on tho one in proper relation to those on the 
other. The action of the rolls also necessitated a 
peculiarity in cutting the die, in order to relieve the 
metal forming tho head, its under surface not being at 
right angles with the shank, hut slightly convex instead 
of concave. Tho difference will he at once understood 
by comparing a well-made hand -wrought nail head, 
with that of an ordinary wood screw. The latter is a 
somewhat exaggerated illustration, but it serves to show 
the defect of the head produced by tho rolling process. 
This method of producing wrought nails has been 
entirely discontinued. 



Suction of single A ;uxl doiihli- JJ ri<l<_n>, rolled iron, used in the 
manufacture ui 1 mat-hint " wrought "-made nails. 

The most recent method of manufacturing patent 
wrought nails is from iron, produced by means of 
grooved rolls, having either one or two ridges raised 
on its surface, tho former, if for " brads," the latter if 
for rose headed, or clasp, <frc. The ridges cross the 
strut in order to preserve the fibre of the iron parallel 
with the length of the nail, and the sheet is cut up 
into breadths which have on one side a single A or 
double ridge B, according to tho variety of nail re- 
quired. These strips are next heated, presented to the 
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machine, drawn in by it, cut by a u sliccr " crossways 
into breadths, each of which ultimately forms a nail, 
which are picked up by a " carrier " forming part of 
the machine, and placed in a " grip " made by three dies. 
The " slicer " alluded to forms the fourth side, and is 
firmly held during the process of tapering (accom- 
plished by the pressure of a roller die). While in this 
position, a die, with a depression corresponding to the 
form of the head of the nail, is impelled against the 
surplus projecting metal, and converts it into a finished 
head, the complete nail dropping out of the machine. 
In addition to the two methods described, the attempts 
to simplify the production of " wrought " nails have 
been very numerous during the last eighty years ; but 
these consisted rather in accomplishing the end by a 
series of machines than by one, in which all the pro- 
cesses required to form a nail were united ; as in 
Mr. Coates' patent in 1841, which he improved upon 
in 1844, and again in 1850. The principle was again 
adopted, and with the addition of the " ridge " rolled 
iron (out of which to cut the nail " blanks "), was 
repatented in 1859 ; and it must necessarily be included 
in all future machines for the manufacture of patent 
wrought nails. It may be added, that the present 
method of producing machine-made wrought nails is a 
hybrid process, between cut and wrought nail making, 
the shank being cut, and the heading and pointing 
being done, by a die and a roller. 
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CUT NAILS. 

It has been shown that the production by the 
patent machine-wrought system is limited, the nails 
being formed while the iron is heated. In cut nails 
the metal is operated upon cold; pointing forms 
a special operation in both hand and machine-wrought 
nails ; but in cut nails, the production of shank and 
point is simultaneous. It is only when the cut nail 
requires to be " headed," that an additional process is 
added, though performed by the same machine with 
which the cutting is accomplished. The varieties 
produced are not so numerous as in the hand-made, 
and consist of Brads, distinguished as floor, strong 
joiner, extra strong, fine cabinet, chair, and brush. 
" Rose " varieties are divided into " fine," " strong," 
and "Canada"; "Clasps" are "fine" and "strong," 
and to these may be added " clasp " headed spikes, from 
5 inches in length, and upwards, fine and strong 
Flemish tacks from ^ inch up to J inch. " Clouts" arc 
used principally for box making, or nailing up " laths," 
and commence at inch and rise up to 2J inches. 
Patten and clog tacks begin at J inch and terminate 
at 1 ^ inch ; sacking, slate nails, shoe tacks, and round 
head clog and patton, from f inch up to 1 ^ inch ; smaller 
varieties from % to -J. Nearly every variety of nail 
made by hand may be produced by cutting, except 
piping, plate, and horse nails. Cut nails are usually 
sold by weight ; so far as J>rico is concerned, they are 
considerably under cither of the varieties, hand or 
machine made, already described. Thus in 
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nails, the cut are now sold at 22Z. 10s. per ton, the 
hand-wrought at 2GZ., and the patent machine-wrought 
at the intermediate price of 23/. 3s. 4d. 

All cut nails arc produced from strips of iron cut 
from sheets, the breadth of the strips corresponding to 
the length of the nail. Care is taken that the fibre of 
the iron runs parallel to the length of the nail, by 
laying a number of joiner's "sprigs" (B) or shoemaker's 
" sparrables " (A) head to point alternately ; and thus 
a strip is reproduced, corresponding in breadth to that 
from which they were cut. Brads (C) are also cut 
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Strip to illustrate cutting of Sprigs, Sparrow-hills, and Brads. 

out of each other from a strip broader by the head ; in 
the production of these, or any other cut nails, there 
is no scrap or waste. 

" Headed " cut nails, as rose, clasp, slate, clout, and 
those of the "tack" group, are simply larger "sprigs," 
wedge-like in breadth, equal in thickness to the sheet 
iron from "which they are made. After they are cut off 
from the strip, by the slicer of the nail-cutting machine, 
they drop into, and are firmly clutched by grips, and a 
heading die carried by a sliding bar "upsets" the iron 
projecting from the grips and converts it into a head. 
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The cut on the opposite page will illustrate more clearly 
tlie operation of tlie machine used. The Lost machines 
are all self-feeding, and also impart to tlie strip the 
vibratory motion to produce the taper-formed shank of 
the future nail. The rate or speed at which these 
machines work will produce of the larger varieties of 
headed nails from 80 to 100 per minute, while a 
sprig, sparrow-bill, or " sparrjible " making machine 
operating on five strips at once, will produce 1000 per 
minute. 

The after-finish of tacks, or nails which are blue, 
black, or tinned, is as follows. The blue colour is the 
result of placing the cut tacks in an iron cylinder and 
subjecting them to the, heat of a muftle, and when the 
required shade is obtained, they are withdrawn and 
allowed to cool. The black is produced by immersing 
the tacks in black varnish aud then drying them in a 
stove. The white, i.e. " tinned " tacks are coated with 
tin by immersion in a bath of that metal in a state of 
fusion, the tacks having been previously cleansed by 
the action of sulphuric acid diluted with water. 

The origin of the cut nail trade, as it now exists, is 
due to a Joseph Dyer, who in 1814 at Birmingham 
combined in one the operations accomplished by several 
machines, and thus laid the foundation of the manu- 
facture. Its chief seat is Birmingham, where not less 
than 18,000 tons of iron are consumed annually, two 
firms alone absorbing 8000 tons of this quantity. A 
considerable bulk of the cut nails produced are ex- 
ported to India, Australia, and other British colonies, 
the high duty preventing their introduction into other 
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Double-action Nail-rut tin 



Machine. 



The nail strip A is placed in a feed box, vertically or horizontally, 
an<l receives a vibratory motion to give tin taper to it ; the strip 
is pressed upon by a spring, to keep it in contact with the si leers. 

The top slicers art; li\ed in the framework of the innchinu, as are 
also the hack dies E' E, while the bed shear C with its bottom 
dies IV 15 is moved to and fro iit a ^lidc. 

The cut shows the slide at its farthest point of stroke on the 
right-hand side; a nail blank is pressed against the back die E', and the 
bottom die E is lifted up vertically. Thus Hie blank is firmly held 
upon four sides, while the heading bar is brought into action upon 
the end of the blank to be u headed." After it is cut off, it is 
advanced by a finger F f just as much as is required to form the 
head. The instant the nail is headed, the dies and li travel in the 
direction of the arm, by which time the nail strip A is in its place 
for the slicer to cut off another blank ; and on the return stroke of 
the slide, the headed nail is free and is pushed downwards by the 
finger F' placed at the back of the top slicer 1). 

The slide carries the blank N against the die E, and the operation 
as described is repeated. 

The machine represented is a double-action one, having two 
headers which operate alternately i. e. on the retreat and return 
stroke. 
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countries. The Americans are very large consumers 
of cut nails, wood being extensively used in the con- 
struction of their habitations, especially in the States, 
back woods, &c., and this doubtless stimulates the supply. 

In England cut nail manufacturing is practised at 
Wolverhampton, Newport (Monmouthshire), Leeds, 
and Newcastlo-on-Tyiio. As in all similar manu- 
factures where machinery has superseded human labour, 
high wages for the workpeople are confined to tool 
makers and the superintendents of machines, who get 
from 25s. to 55s. per week, ordinary workmen from 17s. 
to 25s. ; women and girls nearly equal the males in 
number, and get from 7s. (id. to 15s. per week ; altogether 
about 2500 workpeople are employed in the trade. 

Nails are also made from iron wire, a variety of 
French origin, as the name, " Pointes de Paris/ 5 in- 
dicates. They are mado from 1 to 4 inches in length, 
and are well suited for, and principally used in, the 
construction of packing cases of willow, or other soft 
woods which grow so abundantly on the Continent. 
These nails drive freely and hold firmly, the material 
rendering them strong, while the parallelism of the 
shank presents an obstruction in withdrawing them 
when once driven. They are all made by machines, 
which cut the wire, " point, " and " head," by means of 
advancing dies, the point formed by one die, the head 
by another, as in machines used in the formation 
of the heads of machine-made, wrought, and cut 
nails. The quantity of wire nails mado is not great, 
for they are but little used in England, and only a 
few are manufactured for export purposes. 
Nails are also cast, but their use is chiefly confined 
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to horticultural purposes, such as the training of fruit 
trees against walls ; hence their name " wall " nails. 
Cast nails arc also used for the attachment of laths 
to the interior walls of buildings to hold the plaster. 
These have tapering shanks, square or triangular in 
section, and are cast in moulds formed of sand, from 
patterns which represent the heads only, tlie shanks 
being pricked in with a model representing the spike 
in the corresponding half of the mould, directly opposite 
the centre of the head pattern ; or a complete pattern 
of the nail is projected through a thin metal plate, the 
head on one side, the spike protruding on the other. 
These are moulded in a two-part casting-flask, 01 
mould, the head on one half, the stalk on the other, 
Sometimes the nail is laid in a longitudinal direction, 
one half on one side, the other half on the reverse 
of a thiii metal plate, and then moulded. After the 
mould is made, the impressions produced by the 
patterns are connected to central " gets " or runners 
The moulds being closed, are bound together with 
ordinary moulder's clamps, so that the iron in a state 
of fusion is run in and fills the prints made by the 
patterns. When cooled, the moulds are opened, and 
the nails disconnected or broken off from the " gets/ 3 
Like all iron castings, these nails are brittle and fre- 
quently break in driving, which could only be obviated 
by annealing them in close iron boxes filled with 
hsematite iron ore. This process, however, would be 
expensive, even when annealed, for the nails would 
not be equally so fitted for general use as are hand- 
wrought, machine-made, or cut nails. 

Cast brass nails, with square or twisted shanks, 
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are produced in small quantities for ship-building pur- 
poses, and of an alloy of copper and tin, chiefly used for 
the fastening of copper or patent sheeting to the hulls 
of ships below the flotation line, or water mark. 

The earnings of those engaged in the hand- wrought 
nail trade vary very much. The children begin work 
as early as nine years of age, and at the age of ten or 
twelve are expected to make their "stint" of 1000 
nails per day, despite the rapid decrease in the demand 
for hand- wrought nails. 

There will always be a limited demand for wrought 
nails, more especially for those used in horse shoeing, 
the production of which by machinery has up till now 
been unsuccessful, and the quality of elasticity com- 
bined with rigidity produced by the operation of the 
hammer will never, in all probability, be produced by 
a machine. Fifty years ago the English Admiralty 
took upwards of 600 tons of wrought nails annually, 
but the weight now required by it is small ; the demand 
from the United States and Canada has also materially 
decreased. The Belgians are our great competitors in 
this branch of national industry. 



LOCKS. 

I>y TIIK ],ATK W. 0. AITKEN (Birmingham). 

THE early existence of the trade of Lock making in 
Wolverhampton and the neighbouring districts was in 
all probability due to the excellence of the iron, which, 
previous to the application of mineral fuel by Dud 
Dudley, was smelted with wood. Lock making was 
in 1686 the chief trade of this town, and in 1732 it 
was written, " The chief manufacturers of this town 
are locksmiths, reckoned the most expert in England." 
Though Wolverhampton is the depot where locks are 
most generally purchased, the great centre of the ma- 
nufacture is Willenhall (a short distance from Wolver- 
hampton), of which place in 1801 a county historian 
wrote, " More locks are made here than in any other 
town of the same size in England or Europe." 

The lock trade affords employment in Staffordshire 
to at least upwards of 5000 of its population, in 
Wolverhampton, Willenhall, Walsall, and Wednesfield, 
to which may be added the large villages of Bloxwich, 
Short Heath, and Brewood. 

The word "lock " to the uninitiated suggests simply 
a means of fastening a door, chest, &c., but the kinds 
of locks are very numerous, one large firm making 
1700 different patterns, while each town has a repu- 
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tation for the excellence of special varieties, for instance, 
Wolverhampton for its till, cabinet, levered rim, mortise, 
and fine plate locks ; Willenhall and its suburb, Short 
Heath, for warded rim, dead, mortise, drawback, pad, 
and till ; Walsall and Bloxwich for their iron pad, 
and cabinet ; Wednesfield for its iron cabinet, and 
keys ; Brewood for its fine plate. 

The peculiarities and fitness of locks for special 
purposes rather than their mechanical construction 
must, from my limited space, form the leading feature 
of this brief notice of a very large industry. 

The various kinds of locks are classed under three 
divisions: first, brass cabinet and other best locks; 
second, bright and japanned iron cabinet and other 
common locks ; third, stock (plate) or locks with cases 
of wood, i. e. the ironwork of the lock is attached to 
a thin plate of iron, which is sunk into the wood 
" stock " or frame. The first division consists of such 
locks as are applied to tills or drawers hence named 
" till " or " dra wcr" Then follow straight cupboard, which 
do not require the wood to which they are fixed to be 
cut away, or cut out, for the reception of the metal 
cover which contains the working parts of the lock. 
Cut cupboard, on the contrary, necessitates the cutting 
away of the wood for this cover, as also the metal 
plate to which, the works are attached, so that the 
lock should not project from the wood on which it 
is fixed, into the interior of the cupboard or drawer. 
This variety of lock is intended to be sunk flush 
with the wood, &c. Double-handed cupboard locks 
shoot the bolt of the lock cither to the right or left 
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hand. Pedestal or sideboard have the peculiarity, that 
instead of the bolt, or bolts, shooting into wood, or 
" stile," two-eyed staples or hooked pieces of metal 
are attached to a plate and fastened to the *' stile " 
into which the " bolts " shoot ; this peculiarity of con- 
struction is carried out also in box, or sloping, camp, 
and travelling desk locks ; in some varieties of which 
the bolts of the locks are hooks, and lock by the hooks 
passing behind a striking plate. The same peculiarity 
is also observed in such locks as are used in port- 
folios, carpet and hitter bags, and book edges, as 
ledgers, (fee. In trunk arid portmanteau locks, the 
plate on which the staple, &c., is attached (into which 
the bolt shoots), is hinged, the hinging permitting the 
withdrawal of the staple from the lock, when the port- 
manteau, &c., is required to be opened. 

The locks dealt with hitherto are all small in size 
and of such kinds as are lifted for articles of furniture, 
and hence the distinguishing name of " cabinet " 
locks for those used by cabinet makers ; the others 
being applied to articles made by desk and dressing- 
case makers, bookbinders, and saddlers. 

The numerous and larger examples of locks in use 
by builders and carpenters for house building will 
next be described. 

Dead rim locks, to lock on one side only, have the 
works of the lock encased in frames of metal, usually of 
japanned iron. They are applied to the interior side of 
the door, the distinction " dead " being a trade desig- 
nation, meaning that the bolt can only be shot out or in 
by the key. The same appellation to lock on both sides, 
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means that the bolt can be withdrawn by introducing 
and turning the key either from the in- or outside of 
the door. Spring rim or drawback locks have but one 
bolt with the addition of a spring, which, on the use of 
the key, permits the bolt to be withdrawn by a knob on 
the inside of the door. The same kinds of locks are 
made with three bolts, i. e. a spring latch, a main, and 
a private bolt, the first-named bolt worked by a knob, 
the second (main) bolt by the key, and the third 
(private loll) by a slide thumb-bit. With the mor- 
tixe lock, the artistic features or the opportunity for 
the introduction of ornament on its external surface 
were at end, for even the "brass-cased rim lock simply 
consisted in the case being made of brass instead of 
being of iron and japanned. The mortise is a lock 
which is hidden in the wood of the door, by cutting out, 
by mortising, the necessary wood to accommodate the 
usually oblong iron box that contains the works of 
the lock. In two and three bolt mortise locks, the bolts 
operate in the manner described as in rim locks, with 
the exception that the private bolt is operated upon by 
a small knob in the interior of the door, instead of by 
a thumb-bit, which moves the private bolt in the rim 
lock. Plate locks are those, in which the works 
attached to a plate of steel are let into ** stocks," or 
oblong pieces of wood, and thereby attached to the door 
by screws or bolts. When used for ecclesiastical 
buildings, the stock is generally made of oak wood, 
decorated with iron plates with tre- or cinqfoil 
perforations, the plates further enriched by their out- 
line, like their perforation, being of a mediaeval cha- 
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racter. Various kinds of plate locks are distinguished 
by the terms Fancy, Bastard, Fine, Best Fine, Best Best, 
Irish, Common, Best, and. Barrack. Latches are included 
in the category of locks, and their mechanism is almost 
as varied as that of locks. Combination hitches possess 
this property, that unless all the latch bolts arc placed 
in one position, the door to which the latch is fixed 
cannot be undone. Flush, rim, and mortise, as applied 
to latches, simply mean that the first-named is let into 
the door flush with the wood, the second is fastened on 
the surface of the wood, arid the third is sunk into, and 
entirely hidden in a suitably formed cavity which has 
been produced by mortising the door. Padlocks are 
a very numerous family, and may be said to consist of 
locks which are independent of what they lock. The 
iron loop of the padlock lifts up and is passed through 
a staple, the end of the loop being perforated with a 
square hole for the reception of the bolt ; the end of 
the loop is then placed in situ within the body of the 
padlock, and the key turned, when the bolt passes 
through the hole. There are padlocks made with 
and without tumblers, as well as spring, and screw 
key padlocks, i. e. the key terminates in a screw, 
which, on reaching the bolt, unlocks it. Akin to pad- 
locks, there are combination or letter locks, which 
open by means of letters punched round the outer 
circumference of thin collar-like cylinders of brass, 
and by moving the collars round on the bolt, the 
letters are combined so as to spell certain words ; the 
combination allows the bolt to be withdrawn, and the 
lock is thus opened by a mental, and not a material 

E 2 
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key. The mention of keys reminds us that they 
were once highly ornamented with appropriate decora- 
tions, bearing reference to the locks to which they 
belonged, while even the wards formed beautiful devices 
and initial letters. Keys now are made of a purely 
utilitarian form, for use rather than ornament. 

I have not the space to deal with the construction of 
other than those of an ordinary commercial character. 
The antiquity of locks is proved by numerous allusions 
to them in Sacred Writ and ancient poetry. The 
records of the inventive skill of our locksmiths are to 
be found enrolled in the volumes published by Her 
Majesty's Commissioners of Patents, such as the 
Marquis of Worcester's locks, which caught the hand 
of a stranger, as a trap catches a fox, and so far marked 
him that he might easily be detected. Eighty-four 
patents for locks were taken out between October 31, 
1778, and April 15, 1851. Since the operation of the 
new patent law, in locks as in other articles, the 
number of patents has been vastly increased, and an im- 
mense impetus given to the improvement of the finish 
of locks, the use of superior tools, and consequently 
rapidity of production. Probably no industry has ever 
been so effectually and intelligently illustrated as that 
of locks, in the forty-four examples which formed the 
" Lock Trophy " in the Exhibition of 1851, the work 
of Mr. C. Aubin of Wolverharnpton, the series com- 
mencing with the simplest of locks and terminating 
with the Bramahs. With the invention of Barron,viz. 
the principle of allowing a stump on the " tumbler " 
to pass through a bolt, a principle still adhered to in the 
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production of commercial and, it may be added, locks 
of superior quality, began a new era. The moveable 
tumblers guarded tlie fixed wards, and presented to 
those who tampered with them a difficulty which had 
not previously presented itself. The security of the 
Bramah lock lay in its noslc, curiously defended from 
the introduction of any but the proper key, by a new 
invention of a spiral spring, which by its operation 
prevented access to the bolt, to turn or shoot it. The 
principle appeared so perfect and unassailable, that for 
fifty years a padlock on the Bramah principle hung in 
the shop window of that firm in Piccadilly, with a board 
attached, on which was inscribed, " The artist who can 
make an instrument to pick this lock shall receive 
two hundred guineas, the moment it is produced." 
Various attempts were made to open the lock, but 
it was reserved as the crowning triumph of Mr. A. 
C. Hobbs, the inventor of Nowell's paruotopic lock, to 
destroy the hitherto unlockablc purity of the Barron 
padlock. He had previously, in twenty-five minutes, 
opened a three-bolt, six- tumbler lock, made by Chubb, 
fixed on the iron door of a vault in the occupation of 
the South-Eastern Railway Company. It, however, 
must bo borne in mind, that the locks named were 
locks picked under circumstances which no burglar 
can possibly have in his favour, and that the opening 
of these two locks was effected only by a skilful and 
accomplished mechanic, as the invention of the paruo- 
topic lock proved him to be. The actual time occu- 
pied in picking the Bramah padlock was twenty-two 
hours and forty-five minutes, but Mr. Hobbs afterwards 
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picked the lock three times within one hour. It is pro- 
bable that no cheaper nor more beneficial lesson was 
over received, than that given by the American lock- 
smith to the English lock trade. It is to the credit of 
Bramah, that at an early period he perceived the 
advantage of, and applied machinery to the production 
of his lock. The padlock, which required nearly two 
days of ordinary time to pick, was only 4 inches in 
diameter and 1^ inch thick. The application of ma- 
chinery to grind and cut the several parts of the inte- 
rior mechanism of locks, and of skilful mechanics to fit 
together the parts machined, is on the true principle 
of the interchangeable system, the same which is now 
recognized in the production of guns by machinery ; 
and by adopting this plan "most of the limbs of which 
a lock is composed are capable of being produced at 
a much cheaper rate, and with a degree of uniformity, 
impracticable by hand labour." 

The manufacture of locks in the towns and villages 
in and around Wolverhampton, Willenhall, Walsall, 
Bloxwich, or the villages of Wednesfield and Brewood, 
is only exceptionally practised in connection with spe- 
cially constructed manufactories. The great bulk of 
locks for exportation, and the cheap locks used in this 
country are produced by " master men," employing 
a few "hands," these chiefly apprentices. These 
masters have no capital, are very poor, and to enable 
them to live, go in and procure raw material ; they 
dispose of their locks at a low price to Wolver- 
hampton factories. Their tools are of the most crude 
and imperfect construction, though it is true that the 
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cutting up of .the sheet iron is now done by ma- 
chinery, instead of, as formerly, by cutting out with 
the cold chisel. In some kinds of locks, as " plate " 
locks, the plates arc still cut out and pierced, as also 
the bolts forged, by hand. The principal tools used 
in the locks of a better quality produced by "little 
masters," who work for Wolverhamptoii lock factors, 
are the shears, the file, and the punch. There is 
sad waste of material. The tools, not being attended 
to, work with difficulty, the shears wear in the cut- 
ting edges of the jaws, the pin becomes loose, while 
strength would be economized by the application of a 
counterpoise weight ; children work these presses, and 
file, standing on blocks of wood, or boxes, to elevate 
them to the height of the vice in which the piece of 
metal is held. It is to be hoped that the distortion of 
the human form is less apparent now than when Mr. E. 
H. Home, in his Report on this district, pointed out 
some years ago, that the protracted hours of labour at 
a vice tended to displace the right shoulder blade, and 
to bend the right leg inwards towards the knee. In 
the shops of small lock masters, children blow the 
bellows for those a little older to forge the iron, and 
the " drilling " of the pipe of a key for the reception 
of the pin of the lock, the cutting of the wards, and the 
filing of the keys are also done by young persons. Keys 
with more complicated wards are placed in the hands 
of more experienced adults and apprentices. The 
above conveys a very fair idea of the appliances in 
use, and indicates the class of human aid employed 
in the production of cheap tumbler cupboard locks of 
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various kinds, so cheap as to be sold wholesale at Is. 
per dozen Chest locks are sold at half the money, viz. 
G,W. per dozen, and are so valueless in the estimation 
of their makers, that a workman engaged in chest lock 
making, dropping a lock, remarked to a friend who 
had picked it up, that he could make another " ere it 
had don cringing." Indeed, the locks which fall on the 
ground arc left to be picked up by the boy who sweeps 
the shop. Pour-inch common closet locks arc sold at Id. 
each, and those with fine wards at lid. each, w r hile com- 
mon quality locks, with one wheel and a short " bitted " 
key, w r erc sold in sets of five, for sets of drawers, with 
two keys, for Is. Id. per set. Small keys, which in 
1810 wore first " stamped " by Hope, of Anipton near 
Wolverhampton, out of wrought iron, were priced 
at 4s. GrI. per gross, in a list of that year, but are 
now sold at Ls. Sd. per gross, and, made of cast iron 
rendered " malleable," at half the money, viz. Wd. per 
gross. In 181G the casting of keys was first intro- 
duced by Grove, of Birmingham, and all keys prior to 
the year 1800 were forged. The prejudices against 
stamped keys were such, that for a long period lock 
makers refused to use them. The cutting out of 
portions of locks from sheet iron by the fly press, 
punches, and bolsters, took place in 1790 ; this, and 
the conversion of cast into malleable were introduced 
into the lock trade in 1815, being due to Mr. Isaac 
Mason, of Bilstou. 

Among the curiosities of lock making produced in 
the great districts of lock industry, may be named 
a padlock, made in 1776 by one James Lee, upwards 
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of sixty -throe years of age, which, with its key, was 
not the weight of a silver twopenny piece ; also a lock 
and key of iron not the weight of a silver penny ; and 
he boasted that he could make a dozen locks with 
keys, which would not exceed the weight of a sixpence. 
A complete and effective lock on Barren's principle, 
full of " tumblers," was made just half-an-inch square, 
and under Jtli of an inch in thickness, by Henry Yates, 
of Wolverhampton. Mr. Chubb, in the Birmingham 
Exhibition of Manufactures in 1849, showed one of his 
patent " Detectors " set in a gold finger-ring, the lock 
and key weighing only sixteen grains. In the Exhibi- 
tion of 1851, two boys, sons of Mr. Aubin, of Wolver- 
hampton, exhibited a four-lever padlock only -^ of an 
inch in diameter (small enough to go in a hemp-seed 
husk). But this was exceeded by Mark Sealiot, a 
blacksmith of London in 1578, who made a lock of 
iron, steel, and brass, consisting of eleven pieces, and 
a " pipe " key, which weighed only one grain. 

As to the production of locks, Mr. J. C. Tildesley 
in 1865 estimated the number of employers at 450, who 
employed 4950 workmen, producing weekly of pad, 
cabinet, till, chest, rim, dead, mortise, drawback, fine- 
plate, secure-levered and other locks, in the aggregate 
31,500 dozens, which, allowing forty-eight working 
weeks to the year, is equal to 368,000 dozens, or 
4,416,000 single locks. 



WOOD SCKEWS. 

Bv THE LATE W. C. AITKEN (Birmingham). 

IT will be readily understood that the trade term " wood 
screws " simply means iron screws used by carpenters 
and cabinet makers, varying in length and thickness 
from one quarter of an inch upwards, which offer a 
ready method of uniting separate pieces of wood, and 
attaching metal work to it. Screws, as everybody knows, 
arc much more difficult to withdraw than nails, which 
from their tapering form, can easily be removed by 
a pair of pincers, while a well-made screw can only be 
removed through the same means by which it was intro- 
duced into the wood. Screws are distinguished by their 
lengths, and their thickness by numbers, viz. an inch 
screw may be had from ] up to ]. The form of the 
head is usually distinguished as "countersunk," but 
there are other varieties, such as those with heads that 
are convex and stand in relief as half spheres (lock 
screws), while in others the heads are "bullet," like 
in form to those used by mediaeval metal makers. 

The crude machinery or processes produced rough 
and badly cut threads or "worms," which tore the 
fibres of the wood as they entered it, defeating to a 
very great extent the advantage of the worm. The 
bluntness of the point was also a disadvantage ; but 
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recent improvements in cutting, by which the bottom 
of the " thread " has been made flat instead of concave, 
and the points, " gimlet " like, permit of a smaller hole 
being perforated in the wood for the introduction of 
the screw, so that its smooth and well-cut thread does 
not destroy the fibre into which it is driven, and prac- 
tically becomes a u nut." The perfection with which 
screws are now made has very largely increased the 
manufacture. 

The early history of wood screws is involved in 
some little doubt. They were prior to 1760 entirely 
made by hand, but in that year the brothers Wyatt 
invented an apparatus for cutting them, which to a 
certain extent was automatic. The " blank " out of 
which the screw was to be produced was held by clams, 
which revolved in a power-driven lathe, arid at the 
back of the spindle in which the clams were fixed, a 
screw arrangement repeatedly forced the blank forward 
through tools which cut the thread. The nicking of 
the head was also effected by revolving cutters, the 
blank, held in dies, being forced through these by 
means of a screw ; and means were also provided for 
stopping and putting the machinery in motion. A 
curious illustration of the rate of production of screws 
by this machine, as well as the importance of the trade 
previous to 1798, will be gathered from the fact that 
Messrs. Shorthouse, Wood, and Co. (the then largest 
producers 6f screws), who had works at Burton-on- 
Trent, Tettenhall, and Hartshorne in Derbyshire, at the 
latter establishment with fifty-nine pairs of hands 
turned out 1200 gross weekly, which is under the 
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120th part of the production of one manufacturing firm 
in Birmingham alone. 

All screw blanks were up to 1817 forged, but in that 
year Colbert, a German cloek maker, devised a means 
for avoiding this, and forming the blanks from iron wire, 
so that apart from increased rapidity of production, 
the process gone through in converting iron into wire 
improved the metal out of which the blanks are made. 
By Colbert's process the wire was cut into lengths a 
little longer than the screw to be made, held in a pair 
of dies with a countersunk impression on their face, so 
that the wire protruding beyond the dies was " upset " 
by means of a hammer expanded laterally, and took 
the form sunk in the die. All screw blanks are now 
made from zinc, and Colbert's method has been im- 
proved upon. The wire is now simply supplied to tho 
heading machine, into which it is drawn, and cut off 
to length, while the head is formed by a similar process 
to that described in solid headed pin making, the 
inventor of which, Mr. Wright, also brought out a 
screw-making machine, though from its complicated 
construction it never came into any extensive use, and 
has long been abandoned. Inventive skill has been 
largely exercised in this country and America in 
perfecting the machines, and those now in use here are 
American and self-acting. The attendance of women 
in the former dirty occupation of " screw grinding," as 
it was called, is entirely got rid of, and tKey are now 
employed in tending the machines, a number of which 
can be managed by one female. 

The old process of screw making by hand consisted 
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in cutting the rod into lengths, heating it, placing it 
in a countersunk bolster, and opening the head by 
hammering. The nick or slot on the head was cut 
with a hand-saw, and the worm of the screw, by placing 
the blank in clams at the end of a spindle, to the 
opposite end of which a winch handle was attached. 
The spindle, placed on two bearers, was made to revolve 
by manual power communicated to the winch handle. 
The dies which cut the thread were in two parts, the 
lower one fast and the upper loose, and connected 
with it was a lever with a weight attached, which, 
pressing upon the blank in its passage backwards and 
forwards through the dies, cut the thread. A treadle 
operating on the levor increased or diminished its 
pressure, till the worm was completed. 

The present method is as follows: The blanks, 
formed of wire as already described, are carried 
to the machine and placed in its hopper, whence by 
a mechanical arrangement they are withdrawn, one 
by one, and placed in the machine where the head is 
turned. They are then nicked, while held in grips by 
rotating saws, the burr arising from which is removed 
by again subjecting the blank head to the action of the 
turning tool; one complete revolution of the tool is 
sufficient to accomplish these two operations, and the 
blank is dropped down into a receiver. The headed 
and slit blanks are now placed in the hopper of the 
worming machine, and then taken to the clams ; a 
cutter is next passed along the blank often enough 
to produce the thread of the required depth, and to 
form the point, and the screw is then released and falls 
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into a receptacle provided for it. As these machines 
are self-acting, one woman can attend to a number of 
them, whereas of the preceding machines (on the in- 
terregnum system), one woman was required for each. 
Now, however, the supply of blanks to the hoppers and 
attention to the change of cutters (when they become 
worn) is all that is required. 

Wood screws have also been produced by being cast 
in sand, and ingenious methods have been devised to 
simplify the perforation of the moulds, as regards the 
removal of the patterns ; but it must be evident that 
any attempt to produce wood screws by sand casting, 
as beautifully clear in the worm or thread, as in the 
ordinary metal wood screw, must result in failure, 
whether as regards quality, utility, or price; metal 
when cast, whether iron, brass, or copper, is brittle in 
comparison with any of these metals, when they have 
undergone the processes of rolling and conversion into 
wire, from which all wood screws are made. Cast 
wood screws should be regarded simply as among the 
curiosities of manufacture. 

Improvements in the manufacture of wood screws, 
with concurrent diminution in price, has led to their 
use in preference to nails. The computed number of 
screws made in England in 1849 was 70,000 gross 
per week. In 186 6, this production had risen to 
130,000 gross, and the quantity of wire consumed 
annually for this manufacture alone amounted to 
upwards of 5000 tons. In the year (1873) one manu- 
facturing screw firm (Messrs. Nettlefold and Chamber- 
lain) produced 150,000 gross weekly, or in the aggre- 
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gate, allowing for stoppages, &c., forty-eight working 
weeks to the year, seven millions two hundred thousand 
gross of screws per aimum. Birmingham is the chief 
scat of the wood screw manufacture, and they have 
not recently been produced to any extent elsewhere. 
The aggregate number made in England annually 
is at present estimated at 9,000,000 of grosses or 
1,296,000,000 wood screws. The iron wire consumed 
is nine thousand tons, though a small deduction should 
be made for screws from copper and brass wire. 



EAILWAT BOLTS AND SPIKES. 

Tin.. I,ATI: W. C. .AITKKX (liirmipghnm). 

FROM tlic very commcu cement of the railway system, 
it may be questioned whether its wannest advocates 
realized the new industries which it would call into 
existence, not the least important of which is the 
manufacture of bolts, iinte, spikes, fish, and wrought- 
iron chair plates, &c., now so extensively used, and 
imperatively called for in the making of railways; 
as also rivets employed in the construction of tubular 
bridges, as that of the Britannia ; wrought-iron 
girders; stationary, locomotive, and marine engine 
boilers; gasometers, and tanks to contain water or 
other fluids. If in connection with the above, is 
considered the increase of steam-vessels, the multi- 
tude of rivets, bolts, &c., required 'in the construction 
of even a single iron vessel, such as an iron-clad, 
which now forms so essential an element in the British 
Navy, it will be owned that this industry is one well 
worthy of description. 

In the fastenings used in railways of the best 
construction, every length of rail 18 feet long is 
connected with that which succeeds it, by two " fish " 
plates and four bolts and nuts, two of which pass 
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through the former and two through the latter, 
holding firmly tho two lengths together by the 
pressure of the nuts on the plates, on eaeli side at 
the junction of the two lengths of rail. This forms 
the support of the length of each rail, which rests on 
seven " chairs," each of which is held down on the 
" sleeper " by " fang " bolts or " spikes." There are 
542J miles of railway between London and Aberdeen, 
laid down throughout as a double line, while at all the 
stations, the number of rails required for " sidings," 
&c., are very numerous. If however the estimate cm- 
braces the "fixings" on the 15,376 miles of railway 
now at work in the United Kingdom, their aggregate 
amount is equal to 361,500,000 of separate pieces used 
in the construction of the permanent way. But the 
employment of nuts, bolts, and spikes, &c., docs not end 
here, for they enter into the construction of passenger 
carriages, waggons for the conveyance of merchandise, 
coal and minerals, live stock and luggage vans, and 
even into the framework of the locomotive by which 
they are all moved. A covered railway waggon alone 
absorbs in its construction nearly 300 bolts. 

The system of division of labour is now such, that 
the screws required by black- and whitesmiths are 
no longer made by them ; and the agricultural imple- 
ment maker, or brass founder, who some years ago 
by means of screw plates or stocks and dies made 
his own screws, no longer makes, but procures them 
from the nut and bolt manufacturer in quantities. 
The system of standard gauges, founded upon micro- 
metrical adjustment (introduced by Sir Joseph Whit 
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worth), is such, that " bright " bolts formerly made by 
engineers and used in the construction of stationary, 
locomotive, and marine engines, in cotton and woollen 
spinning and weaving, are now produced by the nut and 
bolt manufacturer, with such extreme accuracy as to 
diameter, parallelism of shoulder of head, face of nut, 
and pitch of thread, as to prove how easily an uni- 
versal system of sere wage might be accomplished all 
over the world. 

Large as are the requirements of English railways, 
those of foreign and colonial railways are still larger, 
and have, for the most part, to be supplied by English 
houses. Under the definition of " railway iron " these 
articles are included, and the results of a special and 
comparatively new industry therefore escapes notice. 
One firm alone, viz. the Patent Nut and Bolt Company, 
which has branches at the Stour Valley Works, near 
Birmingham, and Cwmbran Works, South Wales, can 
produce 100 tons per day of nuts and bolts, and at the 
rate of 30,000 tons per annum. Other and smaller 
establishments in the district, as at West Bromwich, 
Wolvcrhampton, the Black country, Sheffield, Glasgow, 
and elsewhere, will raise the consumption of iron in 
this department of British industry to 80,000 tons per 
annum. 

It will at once be seen that the quantity required, 
together with the necessity for speedy execution, 
necessitates a greater degree of production than can be 
accomplished by manual labour; but "best" nuts and 
bolts, as they are called, are still produced by hand 
and forged by the workman, aided by a double " oliver," 
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(or two hammers working by means of a treadle to 
eaeh hammer). The assistant frequently treadles, . 
while the chief workman turns round the heated iron 
on his anvil, lays it in "creases," or places it in 
" dies " in order to secure the form of the head of the 
bolt or spike, &c. Where the shank of the bolt lias to 
be " screwed " with an external thread, and the nut 
" tapped " with an interior screw, these operations art*, 
performed by cleverly constructed machines, in which 
the bolt is hold fast, and its shank screwed when in 
motion, by dies which thread it in its passage 
through them. The thread is not produced at once, 
but by the gradual compression of the dies in the 
advance and retrogressive motion of the bolt, by the 
automatic arrangement connected with the head of 
the screwing machine in which it is held. The grip 
or cut of the die is determined by the lever handle of 
the apparatus, in which the screwing dies are held, 
coming down on an iron stop when the bolt is finished, 
of uniform size and gauge. 

The tapping of the nuts is effected with e^uul 
certainty, but with greater rapidity, as many as three 
or even six being tapped at once, by a machine either 
horizontal or perpendicular in its operation. 

The taps used are all " taper J1 pointed, but terminate 
in " plug," or else they cut parallel towards the head, 
or taper taps prepare the nut for the plug tap; in 
either case, the plug or finishing tap produces a 
nut which moves by a gentle force on the thread of 
the previously screwed bolt. During the operation of 
tapping, the nuts arc clutched, or held by grips in a 

F 2 
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horizontal or perpendicular position, the heads of the 
tap or taps being dropped into the ends of spindles 
prepared for their reception, and the screwing ends into 
the nuts. The machinery is set in motion and the taps 

MACHINE FOR HEADING BOLTS, SI-IKES, ETC. 




A. Driving pulley. B. Revolving table. 

C. Dies in which iron is placed. 

D. Hammer of stamp carrying heading die. 

E. For moving table. 

being propelled forward, or downward perpendicularly, 
cut the worm in the nut ; when the machinery is reversed 
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and the taps are withdrawn, the nuts are removed from 
the clutches in which they wore held, and if not for 
" bright engineers," the holts are complete. 

When bolts, nuts, and spikes are produced entirely 
by machinery, the process of producing the blanks or 
unfinished bolts or nuts is entirely different. Fish 
and fang bolts, with parallel square or round shanks 
and square heads, are made from round iron of suitable 
diameters or rods specially rolled. The rods are cut 
into lengths a little longer than the bolts required ; 
the ends of the lengths to form the heads are heated in 
muffles with an iron side perforated with a number of 
holes, the size of the iron. By this arrangement the 
one end of the future bolt is cold, or kept comparatively 
rigid, while the opposite end is heated and rendered 
ductile. The heated iron is dropped perpendicularly 
into a socket or bolster die ; if the shank is square, or 
of any other form under the head, a die bearing the im- 
press of the intended head is attached to the descend- 
ing hammer of the stamp in use ; as it descends, the 
heated iron protruding from the lower die is compressed 
into a head ; and in this manner also, are produced 
the peculiarly formed dog-headed spikes, their shanks 
made square, and their points chisel pointed, by being 
subjected to the operation of other machines previously. 
The operation of heading is considerably expedited by 
a machine with a revolving table, on which a number 
of dies are so arranged, that each, by a movement of the 
table, is brought under the falling hammer of the stamp, 
when, one blow having been given, the table is turned, 
and by an arrangement under the die, the headed bolt 
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is forced out of the bolster and its place supplied by 
another piece of heated iron. The number of bolts 
headed is much larger than that made by the use of 
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A. Bevel-wheels, giving motion to 

B. Spindles carrying (screwing) taps. 

C. Pulley, which carries band. 

D. Rods, which throw spindles in and out of gear. 

E. Nuts to be tapped or in process of being tapped. 

only a single heading machine. Nuts are entirely 
produced by either subjecting the heated flat iron bar 
in its length to the operation of a machine, which takes 
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in, cuts off, and forms the nut round or square, and 
perforates the hole which is afterwards to be tapped ; 



MAOIIIXI; FOR MAKING NUTS. 




A. Die to form external shape of nut. 

B. Concentric punch which adrances and cuts out the nuts ; an 
internal punch then advances and perforates or punches out the 
hole. 

C. End section of punch B. 

or a bar of iron is heated at the end and presented to 
the action of a machine, with an advancing hollow 
punch fitted with another punch concentrically cor- 
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responding to the hole of the nut. This latter, which 
forms the external shape of the nut, is advanced by a 
cam, and the heated iron bar is held against the head. 
The hollow punch advances, cuts out a nut, forces it 
into a die or bed ; the concentric perforating punch 
then advances and perforates the hole. The action of 
the machinery is then reversed, the double punch 
withdrawn, and the nut completed. 

The longer kinds of rivets are made with a similar 
machine but with a different arrangement of dies, com- 
prising a bed in which to drop the iron, and a die to com- 
press and form the head. A twisted shanked spike is 
occasionally in demand, which is not cut or u threaded " 
by means of the screwing machinery already described. 
The shank is forged or rolled flat and broad, before 
being subjected to the operation of a twisting machine ; 
it is held fast by the head, the shank dropping into a 
slot cut in an upright support, and the machine is set in 
motion, carrying the head of the spike with it for one 
quarter or half a revolution. The point being held 
firmly, resists, the result being a twist in the shank, 
which renders the spike, when driven into a sleeper, very 
difficult of removal. The operation of " twisting " the 
shank of the spike is accomplished with great rapidity. 

Bolts, nuts, and spikes, the various modes of pro- 
duction of which have already been described, are sold 
in their rough black condition, screwed and fitted, 
utility only being considered. " Bright " or " finished " 
bolts and nuts, to be used by engineers require a 
greater amount of care. Every bolt is turned, every 
head is planed, every nut is faced; the bolt, while 
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revolving in a lathe, is being turned, and parallelism 
through its entire length secured by the unerring 
operation of a tool fixed in a slide rest. The under 
part of the head is also turned, in order to " bed " or lie 
"dead" true, on the flange or surface of metal; and 
the formation of the thread or screw on the shank is 
produced, as also the corresponding nuts tapped, by 
machines as already described, but very much more 
perfect in their operation, on account of their superior 
construction. After the nuts are tapped, they are 
faced on their under surface by turning. Three or 
four according to their thickness, are next screwed 
together on a screwed mandril, their sides being 
operated upon while they are fixed under a horizontal 
planing machine, which acts upon each square, as it is 
presented to it. The sides of the heads of the bolts 
are also planed, and the nuts are then screwed on to 
the chuck of a lathe, which bears a male screw 
(corresponding to that of the bolt which the nut is in- 
tended to fit). The lathe is set in motion, and a slide- 
rest tool removes the extra iron, and equalizes the 
thickness of the nut ; during the revolving of which the 
direction of the cutting tool is changed to a given angle, 
and the corners of the squares on the upper surfaces of 
the nut are bevelled off. During the turning and 
screwing operations, the tools, screwing dies, taps, 
and also the iron operated upon, are lubricated with 
soap and water, to cool the metal, and to facilitate 
the removal of the " turnings " and particles of metal, 
occasioned by the action of the dies and turning tools. 
Finally the squares or *' flats " of the heads of the bolts 
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and those of the nuts, are equalized and reduced to 
uniformity of size, while the longitudinal marks left 
by the planing machine, are removed by subjecting 
the nut and bolt to the action of two cutting discs 
placed on a mandril. The inner surfaces of the disc, 
opposite to each other, are cut like a file, and the heads 
of the bolt and nut are operated upon by placing them 
between the discs, changing the position of the nut 
and bolt, half the number of times that there are sides. 
Parallelism is accomplished and uniformity of size is 
secured, in order to fit the wrenches with which the 
bolts and nuts are gripped by the engineer, in fitting 
and screwing them up in connection with the engine 
or machine, of which they form an integral part. 

The nut and bolt manufacturer produces materials 
for coaches and carriages, wood bedsteads, tyres of 
wheels, &c. Our telegraphic system is also furnished 
with insulating galvanized iron bolts for sustaining 
the wires, and wire fencing is also constructed by the 
aid of eye bolts. 

The whole of this important manufacture may be 
said to bo entirely due to George Stcphenson, who, forty 
years ago, demonstrated the practicability of railways, 
and thus indirectly created subsidiary branches of in- 
dustry, such as that of nuts and bolts, &e. 

As in all branches of manufacture where quantities 
and speedy execution are elements, involving the 
necessity of machinery, the number of work people 
employed are few, compared with what they are in 
other national industries. In manufactories such as 
that of the Nut and Bolt Company, who make their 
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own machines, skilled mechanics are employed, and 
in every establishment a superior class of workmen 
attends to the tools in use, the machines, and their 
repair. 

Including the production of wood screws, the hands 
engaged number about 1800 males and 1500 females, 
in the aggregate about 8500. The machine makers, 
superintendents, and tool repairers, realize good wages ; 
the females, in accordance with similar subordinate 
workers in other brandies of industry. The intelli- 
gence and social position of those employed, is superior 
to that of operatives in the wrought-nail trade, except 
perhaps those who are engaged in the drudgery of 
the lowest processes. 



BUTTONS. 

Br THE LATE W. C. AITKEN (Birmingham). 

THE various materials employed in the fabrication of 
these indispensable little fastenings, the quantity of 
raw material consumed, the inventive skill brought to 
bear on their manipulation, the rapidity with which 
certain operations are performed (even where these 
are executed by hand labour, owing to one indi- 
vidual engaging in one process only), the number of 
operatives employed, and the aggregate amount of 
money annually spent on the trade, demonstrate how 
important are buttons among British manufacturing 
industries. 

Gilt metal buttons were made and worn in the early 
days of George III., though buttons of horn and bone 
were also in vogue. With the brief space at my com- 
mand I can only enumerate the kinds of buttons made, 
the material out of which, and the processes by which 
they are formed. 

Under the class of metal buttons are included the 
plain flat gilt button once extensively used in the attire 
of civilians, together with naval and military buttons, 
made from an alloy called plating metal, which con- 
tained a larger proportion of copper and less zinc than 
ordinary brass. The devices were produced on their 
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outer surface by stamping the previously cut-out 
" blanks " or metal discs into steel dies, while the necks 
were soldered on. Their finish consisted in gilding 
them with gold by the amalgam process, the gold being 
united with mercury applied in a paste and subjected to 
tho influence of heat in a gilding muffle, in which the 
mercury here dissipated in fumes, while the gold at- 
tracted by the metal remained and was made bright and 
brilliant by the u button burnisher/' There were other 
varieties of buttons made of very common brass, and 
some of bell-metal , hard and white, the necks of which 
were cast in, the surface of the buttons being made 
bright by abrasion, and finally polished on buffs. 
Ball buttons (hollow and spherical) were " raised " up 
from flat discs of metal, by a succession of tools worked 
in a press, the necks having previously been soldered 
to a " collet " of metal, which was set in and firmly 
secured to the spherical front by a pair of dies worked 
in a press. Occasionally ornamental perforated ball 
buttons, miscalled " filagree," were made, having their 
ornamentation stamped on and pierced, before the 
blanks were raised by the press into a spherical form, 
and gilt as before. 

Buttons made of steel were worn on court costumes ; 
they were bright and brilliant, the light gleaming 
from the many facets with which the button face was 
adorned, and for these immense prices were charged 
and paid. Matthew Boulton, who eventually largely 
aided James Watt, was in the early part of his career 
a manufacturer of steel buttons and buckles. 

Three and four-holed brass brace buttons, formerly 



78 BRITISH MANUFACTURING INDUSTRIES. 

cast, arc now produced from rolled sheet brass, the 
" blanks " being cut out either at the hand-press 
with a punch and bolster, or by a press worked by 
steam power, by which latter arrangement the work 
proceeds with an immensely increased rapidity. The 
operation of stamping causes the outer diameter of the 
blank to be increased in thickness, the name of the 
maker to be impressed thereon, and a depression made 
in the centre, so that the thread which attaches the 
button to the article of clothing may not project above 
the surface. The holes arc sometimes pierced out 
by means of a hand press. Buttons in iron are pro- 
duced from sheet iron in a similar manner to those of 
brass; and are also made of pewter, zinc, and tin. 
The introduction for personal wear of other material 
than broad cloth of uniform colour, such as tweeds 
for frock coats, called forth a class of buttons made in 
brass, with objects figured thereon, such as the heads of 
animals, in basso or alto-relievo. These were produced 
from carefully sunk steel dies by means of stamping ; 
the backs with the necks being attached to the " shell " 
fronts, by being " set in " with an ingeniously made 
pair of press tools. The finish of these buttons was 
accomplished by means of chemical bronzes, i. e. oxides 
of metals dissolved in various diluted acids, by which 
process the metal was made to assume every hue, 
from the appearance of oxidized silver, through all the 
shades of colour of which metal is susceptible, so as to 
harmonize with the cloth, to which the button was 
to be attached. Eecently, makers of metal buttons 
have introduced, in connection with the manufacture, 
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the production of solitaires and sleeve-links, the 
shells of the best examples being produced, not from 
dies, but from carefully chased metal patterns. From 
these, moulds are made in guttapercha, covered on the 
impression side with bronze powder, and the external 
ornamentation of the solitaire or link is obtained by 
means of the electro deposition vat. These little fasten- 
ings are also finished by the application of acid bronzes, 
or the deposition of thin skins of various coloured metals 
by the electro-metallurgical process ; and finally, their 
surfaces are protected by the application of lac spirit 
varnish. 

There are also varieties of buttons made from the 
raw materials furnished by the animal, vegetable, and 
mineral worlds. 

Upwards of a hundred years ago, the hoofs of 
animals supplied the material from which horn 
buttons were made. The property possessed by that 
substance, of becoming plastic on being heated, and 
yielding a copy in relief in a die into which it was 
pressed, determined its application for the production 
of buttons. The hoofs were boiled till they became 
soft, and cut into longitudinal strips by slicing with a 
long-bladed knife working lever-fashion in a staple, 
fixed on the workbench ; and these strips were again 
cut across to produce squares, which were converted 
into octagonals by nipping off their corners. The 
blanks were dyed (if black, logwood and copperas 
were used), and the octagonal pieces of horn were 
placed in heated dies in which the design was cut, the 
die-holder having a hinged iron cover which was closed 
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down on the plastic horn. The holder and its eon- 
tents were next placed in a vice and subjected to its 
pressure, and then withdrawn. If the buttons had 
shanks of metal, these were attached by pressure, 
being laid in the die-holder in depressions to receive 
them. If the button was sewn on by three or four 
holes, these holes were made by four revolving 
drills. 

Mother-o'-pearl buttons are made out of pearl shell, 
exported from the coasts of Macassar, Manilla, Bombay, 
the archipelago of the Pacific, the Bay of Panama, &c. 
The " blanks " are cut out of the shell by a steel 
tubular cutter, the face edge of which is toothed like a 
saw, and as it cuts through, small cylinders of pearl are 
disconnected, which are reduced in thickness by split- 
ting into discs nearly the thickness of the button 
when finished. These blanks are completed on both 
sides by a steel tool, which produces the rim and de- 
pression in the centre of the button, &c. The two or 
four holes are drilled, as described in the perforation 
of ' horn buttons. The pearl button receives polish and 
brilliancy by friction with a mixture of rottcnstone and 
soft soap while revolving. The best pearl buttons are 
those made from Macassar shells, and the best 
" black " from shells imported from the archipelago of 
the Pacific. 

Ivory buttons are made from the tusks of elephants, 
and the material being expensive, the manipulation is 
conducted with greater care and chiefly by hand turn- 
ing. A substitute for animal ivory was found in the 
kernel of the " Corozo " nut, which grows in clusters 
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on palm-like trees in South America, and is husked 
like a cocoa-nut, but is smaller in size. The kernel, the 
part used in button-making, is milk white, softer than 
animal ivory, is easily turned, and readily absorbs the 
dyes, so as to suit the various coloured cloths. 

Real stone buttons are cut from precious stones with 
a lapidary's "sliccr," and then cut, " fawcetted," and 
polished, the blanks are perforated, where necessary, 
with copper drills revolving rapidly in a lathe, and 
the drills are touched from time to time with emery 
and oil. 

Fancy glass buttons are made from " canes " of 
coloured glass, heated at the end, and pinched with 
plyer-like die tools, so that the impress on the die is 
transferred to them. The shank is introduced as in 
the manufacture of a horn button, or else a hole is 
pinched through the button, a long-shanked neck with 
a metal collar being passed through and riveted on the 
front side through an ornamental metal rosette. Other 
varieties are cut out of coloured sheet glass, the back 
of which has been " quickened," or coated on one side 
with rolled tin amalgamated with quicksilver, to render 
it reflective. The nock of the button is soldered to a 
small disc of metal, which is afterwards tinned on 
the opposite, surface to that to which the shank is 
fastened, so that when the latter is heated, the solder 
fuses, melts the " quick," and the adhesion of the neck 
to the button is complete. These glass buttons are 
finished by grinding the edge and surface, if cut or 
fawcetted. Where " flashed " glass (i. e. glass of one 
colour coated over another) is used, the ornament is cut 
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through the flashed colour with revolving copper tools 
like a cameo, and thus conies into contrast with the 
lower colour. 

Wood buttons are made of various kinds, the com- 
monest varieties from beech or box, stained black, brown, 
&c., after which they are turned, polished, and var- 
nished. More expensive woods are used for better class 
buttons, as ebony, rose, and walnut. Buttons are also 
made from pulp papier-mache by simply cutting out 
arid receiving their final finish by varnishing, stoving, 
grinding with pumice-stone, and polishing by hand 
or with powdered rotten-stone. Buttons have also 
been produced from waste pearl shell, by grinding it 
down and mixing it with gum, thus producing a paste 
which, when heated, was pressed into dies. Leather 
has also been made into buttons by compression, the 
shank being previously introduced. China, too, has 
long been used as a material for buttons. Upwards of 
one hundred and sixty years ago, the French porcelain 
button makers formed a community, who, no doubt, 
made their buttons from wet clay. But a process by 
which the dry powder of porcelain clay was compressed 
into a solid button, glazed and fired, was invented by 
the late Mr. Eichard Prosser, and practically carried 
out in England by the late Mr. Herbert Minton. 

Covered buttons are made in such immense variety 
of textiles that it is impossible to enumerate them, 
but it is sufficient to state that their ingenious con- 
struction, their good wearing qualities, the clever 
mechanism of the tools by which the various discs of 
cloth, metal, millboard, &c., are cut out, and finally 
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the methods of uniting these together into a complete 
button, are marvels of skill and industry. 

The earliest covered button was made in 1802, by 
Mr. B. Sanders, of Birmingham. This one had a 
metal shank, but the ingenuity of the son completed 
the invention of the father, and by substituting for 
the rigid metal shank a tuft of canvas, through which 
the button could be sewn on to the coat, created the 
flexible shanked button. The only improvement made 
thereafter, consisted in covering the back of the silk- 
fronted button also with silk. A large increase in the 
demand for covered buttons speedily compensated for 
the decline of the gilt button, rewarded the inventors, 
and revived the flagging energies of manufacturers 
engaged in the button trade. 

A covered button consists of two discs of metal, and 
one of millboard, thicker or thinner according to cir- 
cumstances, a disc of silk, very much larger than either 
those of the metal or millboard, to cover the front of 
the button, and one of strong canvas to form the 
tuft or flexible shank, which protrudes through the 
perforated metal " collet " forming part of the back 
of the button. The metal discs have been made pre- 
vious to placing the several component parts in the 
finishing die, that is to say, they have been cut out 
from very thin sheets of iron or " latten." If the 
button is intended to be convex in front, the flat disc 
of metal has been stamped convex, the name of the 
maker or trade mark being impressed by punches on 
the perforated disc which forms the back of it. Then 
a bolster or " lower die " is fastened to the bed of the 
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press, while to the screw is attached a punch, which 
very nearly fits into a cylindrical cavity in the 
bolster (allowance being made for the united thick- 
ness of silk and metal). The silk is laid on the 
surface of the die in a sunk shallow space, with a 
paper one over it, to prevent injury, and lastly the 
thin iron disc is laid on in the centre of the paper. 
The punch, on turning the lever of the press, carries 
the discs down into the die, and converts them 
into a very flat shallow cylinder of metal, with a 
bottom externally covered with silk. The punch 
is now withdrawn by moving the lever handle of the 
press, and a cylindrical tubular steel tool is substi- 
tuted, the hole down its centre permitting the remain- 
ing portions, which make up the covered button, to 
pass down ; the tool is then forced down into the die, 
at the bottom of which the silk-covered iron shell 
rests, in its passage compelling the edges of the silk 
to " cove over " those of the iron shell. Lastly, the 
millboard disc, which determines the thickness, &c., 
of the button, the canvas disc, which eventually forms 
the flexible shank, and the perforated iron disc, 
stamped with the maker's name, are dropped down 
the hole in the tool, and a solid punch is passed after 
them, so that the edges of the silk disc are forced 
into the iron shell which retains them. All that 
remains is to force up the all but finished button, by 
the introduction of a wire, and to give the final pres- 
sure which permanently unites all the button together. 
With a few slight modifications, the process of the 
manufacture described above embraces the variety 
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of button called the " Florentine," also covered with 
silk, on which ornamental devices were woven, one of 
which, generally a flower, was introduced in the centre 
of each. This button was also patented by a Birming- 
ham manufacturer, Mr. William Elliot, and BO extensive 
was its sale, that sixty looms, constantly at work, were 
inadequate to supply the demand for the ornamental 
figured silk required in its production. 

In a Birmingham button manufactory, employing 
four hundred hands, the consumption of raw materials 
was as follows : 

YanlM. 

Strong can van 20,f>87| 

Florentine lusting -17,80;) 

Woollen cloth 102 

Vesting textiles JW8 

Velvets and satins Or9 

Black and coloured silks and velvets . . 1,017 

Black and coloured satins 1 , 182 

Silk for u backs "of buttons :*,f?9 

White linen drill 1,'171| 

Total 82,001 



which in length would extend to 50-& miles, and cover 
3 feet in width. 

For front and back discs, which form the interior of 
covered buttons, 7 tons, or 15,680 Ib. of best charcoal 
" latten " iron were used. To illustrate the economy 
of skilfully constructed cutting-out machines, I may 
state that 63,000 grosses of brace buttons (9,360,000) 
were cut and made from 2 tons of iron ; 23,000 grosses 
or 3,120,000 buttons were made from rolled brass, 



8G miTTlSJI MANUFACTUPJXa INDUSTRIES. 

mixtures of copper, and plated metal. In the pro- 
duction of light steel toys, i.e. buttons, clasps, and 
fastenings for ladies' dresses, the sheet steel converted 
into the above-named ornaments, exceeded in weight 
5 tons. 

In the twenty-three years which have elapsed since 
the above estimate was procured, the establishment has 
been largely added to, and 500 additional hands taken 
on ; the consumption of material has boon more than 
doubled, and in the production of buttons from the 
vegetable ivory, many tons of corozo are annually 
consumed. 

Some years ago, between 1865 and 1870, the con- 
sumption of mother-o'-pearl shell amounted to nearly 
1000 tons annually. The failure of the fisheries on 
the coast of Central America has now, however, reduced 
the consumption to a little more than one-third, or 
300 tons annually. The pearl button trade would 
have been extinguished, but for the discovery of the 
valuable shell on the east and west coast of North 
Australia. We may estimate the value of 



300 tons of mother-o'-pearl shell at . . 55 , 000 
800 tons of corozo nuts (vegetable ivory) 11 , 000 
500 tons of various qualities of brass . . 65 , 000 
1000 tons of Ititten and other iron . . . . 50 , 000 
Tinned plate G0 } 000 

representing an enormous sum in the manufacture of 
so insignificant looking an object as a button. 



PINS. 

BY THE LATF, W. (. ATTKKN (Birmingham). 

THE use of pins as a simple means of fastening articlcK 
of dress, is no doubt coeval with the use of clothing, 
the thorn, or naturally formed spike, preceding all 
artificial pins, whether formed out of hard wood as box, 
or of bone, or ivory. More civilized nations, when a 
knowledge of metallurgy was arrived at, made them of 
metal, in all probability of bronze ; for associated with 
needles of the same alloy, pins have been found in the 
sepulchres of Egypt. These, however, are longer than 
those now in use, and differ in being entirely taper 
from head to point. The heads of some were formed 
of gold, chased, and graved ; others were simply bound 
with gold, the type of the pin made in this country 
and elsewhere, before the introduction of the now 
universally used solid-headed pin. It is said that 
domestic pins were first introduced into this country 
from France, in 1543, by the Queen of Henry VIII., 
previous to which time the fastenings in use consisted 
of ribbons, loop holes, clasps, crudely formed hooks 
and eyes, and skewers of wood, bone, brass, silver, or 
gold. The imported pin, or some of those imported, 
were of an inferior make; and the heads becoming 
loose, led to an Act being passed, prohibiting the sale of 
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pins, unless they had " double headed " heads soldered 
fast to the shanks, shanks well smoothed and well 
shapen, points, round, filed, canted, and sharpened. 
Prior, however, to the imp >rtation alluded to, pins were 
enumerated as among prohibited imports. The first 
supply was received from France, and as the Act of 
1543 distinctly refers to the heads being "double" 
and made last, the imported article was doubtless made 
from "drawn" wire. Fournier, a Frenchman, who 
went to Nuremburg, taught the wire drawers of that 
city how to improve their original machines, and draw 
their wire finer, suggesting the idea that the art had 
been so improved in France as to render the wire fit 
for the production of pins, not only for shanks, but for 
heads ; the wire out of which these were made being 
very much finer. Then, as now, the best pins were 
made in France of brass wire, but large quantities were 
made from iron, which were blanched and sold for 
brass ; and the sale of the latter spurious article was 
in a short time confined to the Continent. It is curious 
however to remark, that in this country the great bulk 
of pins used during the period of mourning are made 
of iron wire and japanned black. How long pins con- 
tinued to be imported after 1543, is doubtful, though 
in all probability it was, until the art of wire drawing 
(introduced into England in 1565) was so far advanced, 
as to produce wire suitable for pin making. The first 
manufactory in this country was began in 1626, by 
John Tilsby, in Gloucestershire, so successfully that it 
goon employed 1500 workpeople. The county, was 
long celebrated for its pins, and the manufactories at 
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Stroud achieved a great reputation. In 1636, the pin 
makers of London were formed into a corporation, and 
the trade soon found its way to Bristol and Birmingham, 
where, in connection with a previously established 
wire work, it became localized. The introduction of a 
machine founded on the " Wright " principle by D. F. 
Taylor and Co. in 1824, entirely revolutionized the 
local pin manufacture, and converted Birmingham into 
the chief seat of that industry. Pin making is in- 
teresting, as it afforded the author of the ' Wealth of 
Nations ' an example of the advantages of division of 
labour and economy of cost, arising from the employ- 
ment of some 16 individuals in the 18 processes of pin 
making at that day. This labour is now reduced to 
the one workman who attends to the machine, the 
" colourer " of the pins, and the " paperer," three in all, 
while the work is better done, and the numbers of 
pins produced immensely increased. The processes 
employed in making the old wire-headed and the 
solid-headed pin, now in universal use, are as follows : 

The material is brass wire of a lower quality than 
" best," but superior to the lowest quality of brass wire, 
it being more rigid than the best, and its surface better 
finished. The pin manufacturer is generally his own 
wire drawer, and if he does purchase the wire, he draws 
it down to the sizes that he requires, on his own 
premises, by the ordinary processes employed in wire 
drawing, in this particular differing from the needle 
maker, who purchases his steel wire ready drawn to the 
gauges from which he works his needles. 

The firmly fixed solid-headed pin, equivalent to 
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the soldcred-headed of the Henry VIII. period, was 
attempted to be revived as a manufacture by Timothy 
Harris, in 1797, by casting on the heads, i.e. by laying 
the shanks into a two-part mould, in which prints re- 
presenting the heads were cut. The mould was closed 
and an alloy of lead and antimony (type metal) poured 
in, while the pins, on being released, had the " gets " 
cut off, were cleansed by immersion in a "pickle" 
composed of sulphuric acid and water, dipped into 
a solution of sulphate of copper, " coloured " and 
finished as all brass pins now are. The production of 
a head made of twisted wire and how to fix it securely 
next attracted the attention of William Bundy, who 
thickened the wire by pressure into a collar, on which 
the head rested, to prevent its slipping down. The 
heads wore placed on the shank in a die, while another 
die, worked in a fly press, descended, and compressed 
the top of the wires, securing the attachment of the 
wire head to the shank. In the production of the 
collar or thickening of the wire, it is not difficult to 
detect the embryo of the future solid-headed pin, 
now in universal use. In 1812 Bradbury and Weaver 
conceived the idea of " heading " by means of an auto- 
matic acting machine. The shanks being pointed and 
the wire heads prepared, they were put in separate 
hoppers, while a mechanical feeder placed a shank and 
head in relation to each other; and in thig position the 
pins were pressed by screws against dies completing 
the external form of the heads, and uniting the head 
to the shank. The pins were then withdrawn by 
peculiarly formed hooks, operated upon by parallels 
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worked by tlio machine. In 1817 Seth Hunt invented 
a machine for producing pins with "head, shaft, and 
point of one entire piece," thus realizing " a solid-headed 
pin." The wire was fed into the machines, cut into 
suitable lengths, and held by a die till the head was 
formed. The die was then rotated, and a pointing 
wheel was raised and brought into contact with the 
unpointed pin, against which it was kept in contact by 
a presser, till the point was completed and it dropped 
out. In 1824, W. L. Wright invented the solid- 
headed pin-making machine, which for many years 
was exhibited in London to crowds of visitors, and 
which, improved upon by D. F. Taylor and Co. and 
H. Shut tie worth, formed the basis of the improved, 
simplified, and compact machine now in use. Many 
prejudices existed against the introduction of the solid- 
headed pin ; among others, that it bont more easily 
than the then ordinary wire-headed, owing to the wire 
being softened to facilitate the formation of the solid 
head, though, on the other hand, the loss of pins occa- 
sioned by wire heads coming off was forgotten. To 
this prejudice may be attributed in 1833 the machine 
invented by Brown, for the manufacture of wire-headed 
pins, in which the thick wire to form the shank, and the 
thinner wire which formed the head, were operated on 
by a machine simultaneously, viz. the small wire being 
coiled twice or thrice round the thicker wire of the 
shank, and compressed therein by the action of a pair 
of dies, cut to pin length, and conveyed to the pointing 
wheel of steel. Two grooves traversed its diameter, 
the one roughly tapering the shank, the other, of finer 
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cut, completing and smoothing the point. It is un- 
necessary to pursue further the various improvements 
introduced afterwards, as they simply embrace methods 
which have become obsolete or profitless, and have, 
therefore, been abandoned. There arc still a few wire- 
headed pins made, and as their manufacture has been 
selected by Adam Smith and Babbage to illustrate the 
advantages to the workman of division of labour and 
to the public in reducing price, the old method of 
making pins by hand will now be contrasted with the 
new or solid-headed pin made by machines, superin- 
tended by a minimum of individuals. 

The old process of pin-making was conducted as 
follows : A bundle of brass wire was unwound, and 
the curve of its coils removed, by drawing it through 
seven round spikes driven into a horizontally placed 
bench, the wires being straightened in its passage 
through the spikes, cut into lengths of about 20 feet 
each laid parallel to each other, and finally cut with 
shears moved by hand or power into lengths (deter- 
mined by gauges) sufficient to form six pins. These 
lengths were pointed at each end by a " grinder " or 
" pointer," applying the ends of the wires to the 
surface of a grindstone (in the earliest stage of manu- 
facture), and, later on, to a steel disc or "mill," the 
circumference of which was " file " cut. During the 
operation, the grinder gave a rotatory motion to the 
wires, the point being finished on a more closely 
gritted grindstone, or on a finer cut steel disc, while 
the pointed wires were then cut off a pin's length from 
each end, and the operation of grinding and cutting 



PINS. 

repeated until six pin-shanks were produced from the 
one piece. The head of the pin, made of finer wire, 
was produced by winding it round a " spit "36 or 40 
inches in length, its external diameter corresponding to 
that of the shank to be headed. The mould was placed 
in a simple lathe, motion being given by hand ; the 
wire was connected with the mould and guided and 
wound round it, so as to leave on the withdrawing 
of the spit an elastic spiral of wire, which was cut 
up into many separate parts, each equal to two revolu- 
tions of the spit, and each forming the head of ono 
pin. The spirals were cut into heads, with shears, 
and the accuracy with which these were cut by the 
4t head " spinner has been selected as an example of 
precision, arrived at by practice. The number of 
heads in one pound weight of wire in ordinary sized 
pins must have been very considerable. For the coarser 
varieties, the header was paid 2|<7,. per lb., while smaller 
and finer pin heads were paid for at a higher rate. A 
head maker, according to ability, could produce from 
6 lb. to 30 lb. per day, and out of his earnings ho paid 
a boy assistant 2s. or 2s. GcZ. per week. The heads, 
after being cut, were annealed or softened in order to 
make them cling more readily to the shank, and were 
next passed on to the "header," who secured them 
by a small stamp, the hammer of which was elevated 
by a cord connected with it, operated on by a treadle 
moved by the foot of the workman. The lower half of 
a pair of dies into which the pin dropped was then fixed 
to the " bed " of the stamp, the upper half having 
sunk in it a print to form the head, attached to 
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the hammer. Tho header had a boy assistant to 
arrange the howls for the shanks, which ho did by 
picking it]) a few of the latter uud thrusting them 
among the heads, so that on withdrawing of the shanks, 
a very great proportion were, found properly fitted. 
Tho stalks with their heads being then passed to the 
header, and dropped by him into tin" lower die, his foot 
pressing the treadle., so as to elevate the hammer. 
When the latter was released, by removing the pres- 
sure of the foot, it fell, when the blow expanded the 
head of the shank, compressed the wire head, and com- 
pelled it to cling to the shank of the pin, the form of 
the dies preventing the expansion of the head in a 
lateral direction. To obviate the difficulty of picking 
the piii out of the lower die, a spring was introduced, 
which after the blow was struck, elevated the pin and 
provided for its expeditious removal (an arrangement 
not unnecessary, when it is considered that an expert 
workman could only head 20,000 pins per day, for 
which he received In. fwJ. : less expert workmen could 
only head from 10,000 to 1-\000, and an ass i stunt was 
paid out of the sum received. 

A curious and interesting calculation (by Cabbage) 
shows, that the labour of four men, four women, and 
two children for nearly seven Lours and three-quarters 
was required to produce 1 Ib. of No. 11 pins, the 
number of individual pins 5,M<>, the cost of the labour 
amounting to a fraction under 1*. Id. Add to this the 
present price of brass wire at 11*?. per Ib., and the 
manufacture, expenses, and profit, and it will be seen 
that the consumption, demand for, and price of the 
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pins now produced in the present day could only have 
boon met by the introduction of automatic pin-making 
machines. 

The manufacture of pins with nolid IK UK Is produced 
by machines as invented by Wright (which forms the 
connecting link in the chain of pin-making), will next 
be contrasted with the operation of the improved 
machine* now in use. In Wright's machines the wire 
was drawn from a reel with pincers, straightened in 
its passage by being drawn through studs, as in treating 
the wire for hand made pins. The rotation of the 
shaft gave motion to cams, slides, and levers, working 
the different parts of the machine, while a pair of 
nippers cut oil 1 the length of wire to form a pin, the 
length regulated by screws operating in the gunge. A 
carrier took the pin length of wire, and held it against 
a roughly cut steel wheel which partially pointed it; 
a second carrier conveyed it to a wheel of liner cut, 
where the pointing was completed ; and a third curried 
it to the heading bar. When the head was partially 
formed by a punch propelled against the ' head " end 
of the pointed wire thus, a fourth currier conveyed the 
pin to a second heading die, \\hcrein the la ud was com- 
pleted, and lastly the pin was seized by a forked lever 
and drawn out of the machine, falling into a tray below. 

The improved machine now in use by D. F. Taylor 
and Co. is reduced in bulk and size in all its dimensions, 
being now only 21 inches wide by oJ inches long and 
18 inches high. The wire is fed from a reel, straight- 
ened in its progress to the heading die ; the heading is 
now ikv first instead of the /u*/ operation, in which it is 
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grasped and converted into a head by one punch only, 
not two, as in Wright's machine. It is then cut off to 
pin length, which, descending by its own gravity, slides 
down a grooved incline and drops into a tray, the 
bottom of which has a slit in it to permit the shank 
to drop through. Here it is suspended by the head, 
shank down, in front of a revolving roller of steel, 
1^ inch diameter, cut o\?er its entire circumference 
and length with files like toeth, diminishing in 
coarseness of cut from the left to the right hand; 
this roller operating on the suspended shanks in their 
progress down the slit (rotating as they move), have 
the points formed, smoothed, and finally polished; 
here they are forced out by other pins which are 
taking their places. The finished pins drop out into 
a trough immediately in front of, and under, the 
pointing roller. 

All pins of brass, whether made by hand or manu- 
factured by a machine, arc coloured and brightened 
before they are offered for sale ; and for this purpose, 
the pins, after they leave the maker or machine, are 
boiled first in weak beer to remove any grease, and to 
clean their surfaces. After arranging them in layers 
in a copper pan, alternating with layers of pure 
grain-tin, water is poured in, and the copper and its 
contents heated, while on the surface of the water 
cream of tartar, or argol (the deposit found in emptied 
wine casks) is sprinkled. By the action of the acid on 
the grain-tin, a .solution of tin is produced, which is 
deposited on the surface of the pins, and they are then 
"coloured" (i.e. made to assume their white silvery 
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appearance). If not whitened sufficiently, the operation 
is repeated. After their removal from the "copper," 
the pins are rinsed out between the "boilings" with 
clean water. Their brightness or finish is the result 
of shaking them with bran or sawdust, in a leather 
bag or " shaking " barrel, after which the contents of 
the bag or barrel are emptied, the bran or sawdust 
winnowed out, and the pins collected. 

Mourning pins being formed of iron wire, if " blued," 
are subjected, after being cleansed, to the operation of 
heat on an iron plate, or in a muffle, until the blue 
tinge is obtained. The bright, or dead black colour is 
produced by immersing the iron pins in black varnish, 
withdrawing them after being coated, and drying the 
varnish in a stove. Lastly follows the operation of 
"papering" the finished pins, which are sold in pound 
weights, or in less quantities. The making up of the 
parcels is very easy, for they are simply weighed; 
but when sold in sheets, the making up and sticking 
in the pins into rows formerly involved not only time> 
but skill and quickness. Its cost was represented by 
nearly 3^d. in the papering (of No. 11 for example), 
for there was the folding of 12 sheets of paper, each 
sheet requiring 24 double folds, followed by the 
operation of sticking therein 144 rows of pins, 39 
in each row, or 5516 pins. All this was formerly 
done by hand, but has now been got rid of altogether, 
and a beautifully self-acting papering machine has 
taken its place. The pins to be stuck are fed into a 
hopper, in connection with which, a steel plate is used 
with longitudinal slips cut through it, corresponding 
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to the number of pins which form a row. The pins in 
the hopper are now agitated by a comb-like tool, 
by the papercr's assistant ; the shanks drop through 
the slits in the steel plate and are suspended by their 
heads, the stalks protruding on the under side; and 
near the machine arc laid the long narrow sheets of 
paper with the address of the manufacturer (or retail 
dealer by whom they are to be sold) printed thereon. 
One of these slips is presented by the papcrer to the 
action of the machine, by which two raised folds are 
crimped, while the row of pins collected in the slit 
steel plate is next subjected to the same action and 
pressed through the two crimped folds, and these ope- 
rations are repeated until the twelve rows of pins in 
each sheet are stuck. 

The simple and familiar word " pin," but imperfectly 
conveys an idea of the varieties or the numbers made 
of this invaluable mode of fastening. They vary in 
length and thickness from the 8i-inch " blanket " or 
" corker " pin, down to 2 inches in length, and " toilet " 
or " domestic " pins of finer wire, from 1^ inch down 
to only inch. "Sets" are distinguished by twelve 
numbers or letters. There are, besides, the long and 
slender pins of hair-like wire, with which the entomo- 
logist fixes his insects on the cork bottom of his 
show cases ; the staple-like double pin, " blued " or 
"blacked," plain or corrugated (also made by machines), 
used by ladies of the present day, to retain their 
natural or artificial hair in position ; the safety pins 
used for dresses, the attachment of shawls, &c., or in 
the nursery, protecting the wearer from injury by being 
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formed out of one piece of wire, bent so that the point, 
after passing through the folds of the dross, rests in a 
loop, which forms a sheath and thus prevents scratching. 
Of ordinary pins designated as Queen's own, imperial, 
lace, diamond, London, or London heavy, mixed or 
mourning, some are sold at Is. <id. per Ib. imperial 
mixed, up to 2s. 2d. for small mixed, while the fine pins 
used by insect collectors fetch from IG.s. to 1128. per Ib. ; 
if gilt, at 128.9., i. e. Is. or 8. per oz. ! By whatever 
name called, they are only pins, valueless individually 
("riot worth a pin"), though in aggregate production 
they are important features in our national industries. 
A calculation made forty years ago, stated that for 
home use and export purposes 20,000,000 of pins were 
required daily in England. The real quantity now 
produced daily is 50,000,000, of which Birmingham 
produces 37,000,000, leaving 13,000,000 as the pro- 
duction of London, Warrington, Stroud, and Dublin, 
where pins are also made. The weight of wire con- 
sumed annually in the pin manufacture of England is 
about 1275J tons or 2,857,120 Ib. (one-eighth of this 
is iron wire used in the manufacture of mourning and 
hair pins). The brass wire consumed amounts to 
2,500,000 Ib., which, at lid. per pound in money value, 
reaches the sum of 114,5832. The iron wiro consumed 
is 344,800 Ib., its value 7183Z. 6*. 6cZ. ; and to be added 
to these amounts are the wages, paper, ornamental 
envelopes, boxes, wear and tear of machinery, manu- 
facturer's profits, &c. Mourning, hair, entomological* 
and " papered " (i. e. stuck-in-row'pins), realize a larger 
profit than pins sold by weight. Taking it alto- 

H 2 
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gether, the pin manufacture of the United Kingdom 
is not over estimated at the aggregate amount of 
220,0007. 

Pins are made in small quantities in France, Ger- 
many, and Austria, while in America the excellence of 
English pins was recognized as early as 1775; the 
Congress of America in that year offered a premium of 
50Z. for the first twenty-five dozen of domestic pins, 
equal to those imported from England. A limited 
success seems to have followed the premium until 
1831, when Howe patented a machine for the manu- 
facture of wire or spun-headed pins ; and Slocum, who 
ohtained in England in 1835 a patent for making a 
machine for the solid headed variety .(eighteen years 
after Hunt, eleven years after Wright), worked his 
patent in America. Eventually the two companies 
working the Howe and Slocum patents were united, 
and they now form the American Pin Company. The 
weight of pins produced annually in America, allowing 
fifty working weeks in the year is stated to be from 
350 to 500 tons per annum, or 1,120,000 lb., accord- 
ing to the most liberal estimate; and the value at 
11 2,00 OZ., which, in comparison, is much in favour of 
the pin making of England, and demonstrates its im- 
portance as a national manufacture. 



NEEDLES. 

Bv THE LATK W. 0. AiTKKN (Birmingham). 

THE earliest remains of nations, whether uncivilized or 
civilized, bear evidence of the use of needles from 
different materials. In Egypt specimens of bronze 
three and a half inches in length are found ; there were, 
no doubt, smaller examples, but these, in all pro- 
bability, from oxidation, have perished in course of 
time. Bronze being easily worked, and the eye of the 
needle being readily drilled, probably suggested the use 
of the alloy for the purpose. Bone and ivory formed, 
and still form, the needles in use by the aborigines of 
other countries. In 1370 needles of steel were made 
at Nuremberg, where the skill of the craftsman was far 
in advance of those of other countries ; and even at that 
period they had laid the foundation of their metallic 
industries, for they rolled iron and "latten," and drew 
wire in iron, steel, and brass. The fine steel wire from 
which wool cards were made in England, was imported 
from Germany ; and long after the needle trade was 
introduced into England, the raw material of which 
they were made was sent from the former country- 
The early history of the manufacture of needles in 
England is unknown, and perhaps the idea that it 
would never become of much importance to a nation 
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accounts in part for the historical details being so 
meagre. At the present, however, the celebrity of 
English made needles, the number of hands employed, 
male and female, in the small towns and villages in 
Worcestershire and Warwickshire, more especially 
Bedditch, Studlev, and Aleester, entitles the manu- 
facture to a place iu a volume treating on ' British 
Manufacturing Industries.' Spain had once a reputa- 
tion for its iron, and more particularly for its steel, 
and the Spanish alliance, in 1553 and 1558, in all 
probability had something to do with the coming of 
the Spanisli Moor who lived, sold, and made (?) needles 
in Cheapside within the period named. The manu- 
facture thereafter was located at Whitochapcl, and 
hence the term " Whitechapel sharps " was applied to 
needles of a questionable quality. It has been stated 
that in 1543, needles similar to, though ruder than, 
those now in use, were made and sold in England, 
though every circumstance favours the idea that those 
used at first were imported. The Moor died, having 
refused to communicate the knowledge which he was 
supposed to possess, so that the art died with him. 
There is very much more probability in tracing the 
origin of the manufacture to Elias Grouse, a German, 
who, in 1667, taught Englishmen to make what were 
known as " Spanish " needles. Humphries, the " assay 
master" from Saxony, brought over Christopher Shutz, 
accompanied by twenty-two Saxon workmen, who were 
skilled in mollifying iron and steel, and drawing the 
same into wire. The wire of the latter metal is 
essential to the needle trade, which does not appear 



NEEDLES. 103 

to have attained any importance till 1650, when an 
ancestor of the family of Milton (Mr. Darner) induced 
Christopher Greening, with three of his children, who 
was engaged in making needles in London, to settle at 
Long Crcndon, in Buckinghamshire, where a needle 
manufactory on a small scale was bogun, and indeed 
existed until very recently. 

Needle making thence penetrated to Alcostcr, in 
Worcestershire, and from there to Studlcy and Kcd- 
ditch, and in another direction to Hathcrsagc, in 
Derbyshire, though in none of these localities does 
there appear any peculiar litness to have determined 
the localization of the manufacture, except that Wor- 
cestershire contained emery, largely used in grinding 
the points and scouring the needles. That which was 
in the beginning a " home trade," practised at homo, or 
in small shops, by the needle-maker, has now almost 
ceased to be so, for the large manufacturers in the 
vicinity of Rodditch are replete with every convenience 
and facility for conducting the manufacture. The 
most recent improvements are introduced for heating, 
ventilating, and getting rid of the baneful dust 
which rises from the wheel in the " pointing " ope- 
ration, while horse-power, and the still more un- 
certain water-power, has given place to the steam 
engine. 

There is this distinction between the manufacturer 
of pins and needles, that the former is generally his 
own wire-drawer, while the latter only exceptionally 
so, procuring his steel wire, drawn to gauges for the 
various sizes of needles, from those makers in Bir- 
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mingliam or Sheffield. On its quality, in connection 
with the skill with which the process of hardening and 
tempering are performed, the excellence of the finished 
needle depends. 

In warehousing the wire, attention is paid that the 
store room in which it is kept is free from damp, or 
other influences likely to injure its quality. The 
bundles of wire weigh about 14 Ib. each, the wire being 
in coils of 24 inches diameter ; a smaller diameter, by 
increasing the curvature, would render more difficult 
the other process of straightening the lengths, to pro- 
duce two needles, while the large diameter of the coil 
obviates the necessity for unwinding and rewinding, 
necessary under the old method of manufacture. 

The cutting up of the bundle into pieces of wire, 
each sufficient to form two needles, is accomplished 
either by power, or by a workman with shears. If the 
latter, the shears are fixed in an upright position, the 
jaws being 8 inches in length, and the cutting jaws being 
removable for sharpening. Motion is given to the 
one jaw by the handle being left free, and to the first a 
gauge is attached to set the wire to the length required. 
The workman takes hold of the bundle of wire, applies 
it to the opened mouth of the shears, the free handle 
of which he presses with his thigh and cuts the bundle 
through, thrusting one cut end through the shears, and 
pressing it against the gauge to determine length, 
finally cutting the whole of the bundle up into lengths 
equal to two needles. Each bundle for the production 
of No. 6 needles is in length 1| mile, and from it 
40,000 to 50,000 needles can be produced, though 
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THE "RUBBING" PEOCESS. 




D 



G 



II 



A, Iron plate heated under by fire B. C. A number of lengths of 
wire to form two needles placed in the interior of two iron hoops 
DD; these drop through longitudinal slits in rubber E, which 
is then worked backwards and forwards with motion as represented 
by hand as shown at F. G. Wire as cut from bundle or coil. H. 
Wire after undergoing the process of rubbing, 
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their number is determined by the success with which 
the after processes are conducted. 

The operation of straightening or nibbing the cut-off 
lengths, all of which are curved (having been cut from 
coiled wire) by means of hammer or mallet, would 
involve a very considerable expenditure of time, nor 
could it be so successfully accomplished by simpler 
means than that adopted by the needle straightener. 
By this process each separate wire acts on another, and 
perfect straightness and parallelism are the result. The 
workman half nils two strong iron rings with the cut 
wires placed inside, and using a slightly curved piece of 
iron with two long slits cut through it, and a handle at 
each end, he lays the rings horizontally on a flat cast- 
iron plate, heated by a fire under it, the rings dropping 
into the slits in the convex curved iron bar. He presses 
on its handles, and, moving the rings with their con- 
tingency of wires in their interior, he presses on the 
latter at each end, where they protrude beyond the 
rings, and in the centre ; after the operation has been 
continued for some time, the curved wires are straight- 
ened, and lie parallel to each other ; every bit of 
curve has been got rid of, and every wire is " as 
straight as a die." (See cut on previous page.) 

The next process is " pointing," or producing the 
sharp tapering point which distinguishes a needle. 
This is obtained by " dry grinding " on revolving 
gritstones, varying in diameter from 12 inches when 
worn, up to 20 inches when new. The grinder is 
seated in front of the stone, and picks up a number of the 
wires to be pointed with his left hand, retaining them 
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with the points towards the stone. With the palm of 
his right hand he presses upon thorn, and applying 
them to the stone, causes them to rotate, or turn round 
horizontally between the palms of his hands, and the 
result is, long tapering points. The heat produced by 
the friction of the steel wire on the gritstone renders 
it necessary from time to time to coo] the wires in 
water ; and a brilliant stream of sparks follows the 
abrasion of the wire, together with particles of stone 
and steel very fatal to the needle-pointer, whose tenure 
of life is shortened from "grinders' asthma." The 
efforts made by humane and disinterested men to avert 
the effects of this " dry grinding " have been set at 
defiance, high wages, suffering, and comparatively early 
death being preferred by needle-pointers, to moderate 
wages, health, and a life as long as that of those en- 
gaged in other manufactures. 

A prejudice existed against " pointing " by machinery 
at Eedditch, as recently as the year 1844, at which time 
a pointing machine, invented by Mr. J. Chambers, was 
destroyed by the " pointers." German operatives en- 
gaged in the needle trade have no such narrow-minded 
prejudices, but use these machines ; all their needles 
are so pointed, and it is one of the reasons which 
enables them to compete successfully with English 
needles in the markets all over the world. In Redditch, 
a German machine for the purpose may be seen at 
work in the British Needle Mill. The pointless wires, 
sliding down an inclined plane, drop on to and are 
held by a vulcanized rubber band, to the periphery of 
a metal wheel revolving in a right angular direction to 
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WHEEL AND GRINDSTONE OF 
N EEDLE-J'OJ NT I NU M AC \ \ INK, 
INVENTED IN GERMANY. 



a hollow grindstone, rotation being given to the wires 
by the hand of the grinder ; the wires are held at the 
proper angle for pointing, and pass out with points 

nearly as perfect as the 
most prejudiced of hand- 
needle grinders could de- 
Bire. 

After "pointing," fol- 
lows the stamping and 
the perforation of the 
"needle's eye." In the 
best class of needles it 
is customary to remove 
the scale from so much 
of the surface, in the 
centre between the two 
" points," as is to be ope- 
rated upon by the dies, 
(which produce the in- 
dents of two needle- 
heads), end to end. The 
removal of the scale at 
the part named is done 
with small narrow grind- 
stones by the " grinder." 

In the establishment alluded to, this is accomplished by 
a machine, also of German invention. This process 
in its arrangement is almost synonymous with that 
already described for " pointing," viz. a revolving 
wheel ; the wires held on the periphery of the wheel 
by the vulcanized rubber band ; the rotation of the 




A. Revolving wheel to which 
needle wires CCCC art- held by 
the vulcanized rubber band li, 
when they are carried round at 
the lower point of the wheel, they 
come in contact with the grind- 
stone D, and are pointed. The 
wheel, A, revolves at a right 
angle to the grindstone, 1). 
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wires on themselves, when they come in contact with 
the narrow grindstone, and the removal of the " scale." 
Li the early stage of needle making, ere it reached 
the dignity of a manufacture, the eye end of the needle 
was simply flattened or beaten out with a hammer, and 
the eyes were produced hy means of a small " punch " 
struck with a hammer. It required two operations. 
The head being laid on a small anvil, the punch was 
struck, and raised a convexity on the opposite side of 
the flat head ; the position of the head was then reversed 



Noodle wire centre between the two points, ground previous 
to stamping the grooving. 

and laid, not on a steel anvil, but on a block of lead, 
and the point of the punch set on the mark of the 
former blow, when with a tap with a hammer, the minute 
particle of steel was driven out, and the perforation of 
the eye accomplished. A Studley needle-maker, in 
1793, introduced another method of perforating the eye 
by drilling it, but the process was too expensive and 
therefore abandoned, and the old method of hand- 
punching already described continued to be practised. 
But a purchaser of needles from Birmingham visited 
Kedditch in 1800, and observing the imperfect way of 
producing the hollow groove and perforating the eye, 
suggested the use of the " stamp " to impress the print 
of the groove, and the " press " with perforating punch 
to pierce the eye. These appliances are now uni- 
versally employed in the needle trade. 
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The stamp lias two uprights, and between these 
slides a "rain." To its under surface a die, cut in 
intaglio, with a representation of two needle heads, end 
to end, is attached, and another to the bottom or bed of 

STAMP USED IN NUKDLE MAKING. 




A. Ram or hammer. | E E. Poppets in which ram or 

B. Rope by which it is raised I hammer slides. 



to hold lower die. 
CCC. Snags and screw bolts. 
D. Lower die. 



F. Upper die. 

G. Screws by which poppets 
are held. 
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the stamp, held by screws. The wire is laid in the 
lower die, a rope pulled by the needle stamper elevates 
the ram, the rope is released, the ram falls, and the 
die which it carries leaves its impress on the upper 
side of the wire, while the blow given has caused the 
wire to receive on the opposite side the impression in 
the lower die, on which it was laid. The perforation 
of the eyes is effected by the press, which has a screw 
operated on by a bent lever handle. Into a screwed 
hole at the lower end of the screw a punch is fitted, 




A. Wire before stamping. 15. liesull ot the stamp. 

which has two prongs corresponding to the prints in 
the stamped double-headed needle blank; a bolster 
with two holes corresponding to the two points of the 
punch, is fastened to the bed of the press, and in a 
suitable position immediately over it, is fixed a three 
pronged " taker off." The needle wire is laid in a 
" die print " in the bolster, the handle of the screw 
of the press is worked, the punch descends on and 
forces out the minute bits of metal indicated as prints 
for perforation, in the stamped double-headed needle 
wire ; and on the return of the punch, should there be 
any difficulty in withdrawing it from the perforated 
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wire or needle, the " taker off" assists in setting it 
free. 

The wire now presents the appearance of two 
needles joined head to head, but the superfluous metal 
or "flases" have to be got rid of; two wires are 

PRESS USED TO PERFORATE ETES OF NEEDLES, 




A A A. Frame of press. 
B. Box for attachment of 
punch. C. Screw. 

D. Double punch. 



E. Bolster with two holes 
corresponding to punch. 

FF. Studs with screws to 
hold bolster. 
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threaded (technically " spitted ") through the eyes of 
about one hundred needles, until the arrangement 
presents the appearance of a fine toothed double-sided 




Needles "spitted '' together for removing fins caused by stamping. 

nursery comb. The needles so " spitted " arc laid flat 
on the work bench, and a few sweeps of a flat smooth 
file remove the surplus metal. The minute marking 
at the junction of the two needle heads assists their 



Before spitting. 



After spitting. 



separation ; the strip is bent in its length, and two rows 
of single independent rollers are the result. One 
row of the needles, still held together by the spit, is 
placed in a wide-mouthed plier-like tool, and a sweep 
of a file removes the roughness of the needle head, 
where it was separated from its former companion. 
Another file-sweep removes the sharp angular corners 

i 
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from the Lead ; the spitB are now withdrawn from the 
" eyes," and the needles are independent of each other. 




Row of single needles held in plyers for removing roughness left 
on separation at heads. 



Broken oflTiiml before filing. 

The needles which may have been bent in these opera- 
tions are next straightened by the pressure of a flat 
convex bar operating or pressed down on them, as they 
are made to rotate on the surface of a " trued " metal 
plate, exactly on the same principle as the straightening 
of the lines in the first operation, i.e. pressure under 
rotation. 

The qualities of elasticity and rigidity have yet 
to be imparted to the needles, and for this purpose 
they are conveyed to the shop of the "hardener" 
and "teniperer," which is fitted up with muffles, or 
small furnaces with arched doors, fitted with bars in 
their interior on which to rest the trays on which 
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the noodles aro arranged. The trays are formed of 
sheet iron bent up at each end, and with a flange 
at right angles, by which to hold them for their in- 
troduction into and withdrawal from tlic mufllo. The 
needles are arranged in rows many deep across the 
trays, which when filled are placed on the bar in the 
muffle ; the door is closed, the firo underneath speedily 
heats the trays and their contents, the "redness" of 
the needles being determined by the " hardener's " 
knowledge, generally gained only by practice and ex- 
perience. At the proper heat the trays arc withdrawn 
from the nnifilc, and their contents emptied into a 
cistern filled with oil and fitted with a lining with a 
perforated bottom, which retains the needles and per- 
mits the oil to find its way again into the cistern. 
The surplus oil is got rid of by shaking the needles 
in sawdust, after which they are replaced on the 
trays, and again put into the muffle, though at a much 
lower temperature. The effect of the heat on the 
needles is carefully watched, and on their assuming 
a light or dark straw colour, us the nature of the 
steel requires, the trays are withdrawn, the needles 
allowed to cool, and they are now considered "tem- 
pered." The test of the excellence of their temper, 
the quality of the steel, and the skill of the hardener 
and tempcrer is as follows: if on trying to bend 
a needle, it neither breaks, nor remains bent after 
the removal of the test pressure, its quality may bo 
relied upon ; if the needle breaks, it is too hard, and if 
it bends, it is too soft. 

It lias been remarked that in hardening, tho red-hot 

i 2 
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needles which were immersed in oil remained straight ; 
but when immersed in water, a very considerable pro- 
portion were found to be bent. A class of needle 
workers was engaged in an operation called " hard 
straightening, 1 ' and in consequence realized good wages 
by making the crooked straight; but by substituting 
oil for water, crooked needles have become the excep- 
tion, and hard straightening became exceptional. The 
inventor and reviver of the oil hardening process 
shared the fate of most inventors in this trade, and 
was driven away from Redditch by the abuse heaped 
upon him. Thus it has ever fared with improvers of 
industrial processes in times gone by as witness 
the Jacquards, Cromptons, Chambers, &c., though it 
is satisfactory to learn that increasing knowledge and 
tho demands of manufacture have dissipated preju- 
dices, and oil hardening is now generally adopted. 
The process of straightening needles hardened in 
water consisted in tapping the bent needle with a 
small hammer, as it lay on a flat steel anvil. 

After hardening and tempering the needles, the 
appearance that they present is a black blue, with a 
shade of straw colour or 4 ' glance." The blackness 
or scale has to be got rid of, and the needles made 
bright, smooth, and clear, and this is the result of the 
process of scouring, which is accomplished by the fric- 
tion of thousands of needles rolling against each other, 
aided by a mixture of oil, emery, and soft soap, dis- 
tributed among tho needles bound up in envelopes 
of canvas, and subjected to the pressure of a platen. 
The machine of which it forms a part is set in motion 
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by steam power; the preparation of the needles for 
scouring consists in placing a strong piece of canvas 
on a wooden tray, under which strings are laid, and 
on it the needles, heads and points indiscriminately, 
but parallel with each other, and with many rows 
in the breadth. The mixture above described is dis- 
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A. Wooden tray. B B. Canvas cover. 

C'CC. Canvas cover on which needles are laid. 
1)1) I). Strings with which to make up bundle. 
E. Bundle made uj> for scouring. 



tributed on the surface of the needles, the canvas 
is then rolled up, is firmly bound together with the 
strings, and laid with others on the bed of the scour- 
ing machine. The movable platen is then placed over 
them and the machine is set to work, tho mangle- 
like motion of the platen causing the bundles to roll 
over and over, so that each individual needle revolves 
against another, producing abrasion. The friction 
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generates heat, and at this point some attention is 
required, for the temper of the needle is at peril ; 
at 800 no change takes place in it, but at 400 
the " mildest " steel needle-wire is affected, and the 
operation of scouring is therefore suspended (usually 
at the end of eight hours) that the needles may be 
kept cool. The bundles are then withdrawn from the 
machine, opened, the needles separated and washed 
iii an alkaline solution of soap and water, then 
dried in a slinking barrel filled with sawdust, after 
which they are again arranged in the manner already 
described on a new canvas cover, though with a 
change of mixture. The emery is taken away, and 
oxide of tin (the '* putty powder " of the workshop) 
is substituted for it, in order to " line " or polish 
the needle. " Scouring " and " tilling " are accom- 
plished after live or six times of eight hours length 
each. The English method is not the same as that 
of the Germans, who say that they are able to scour 
and fine in forty hours a greater number of needles 
than is accomplished by the process just described ; 
they also avoid the heating of the needles and the 
reduction of their temper. 

The needles are now unloosed from their canvas cover, 
and subjected for the last time to the action of the alka- 
line solution, dried in sawdust in the shaking barrel 
and then conveyed to the " bright shop," where they are 
examined, the defective ones being picked out, and the 
perfect ones arranged on tin trays, to which motion is 
given by hand, so that the needles arrange themselves 
parallel to each other across the tray. The heads and 
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points, however, present themselves indiscriminately 
on each side of tho row, and a process follows, in which 
the aid of a simple tool (a cloth linger stool) on the 
forefinger of the left hand of the " header " (as tho 
female is called in the trade) is called into operation. 
She selects a number of needles, and with tho right 
hand presses them against the cloth-covered forefinger 
of the left, into which the points stick and are with- 
drawn, as the heads of the needles being bhmt do not 
adhere. Babbage selects this as ail example, where, by 
means of the simplest tool, operations which involve 
time may be facilitated and time saved. Selecting 
needles singly out of a great number or heap would 
involve a considerable expenditure of time, but tho use 
of the cloth finger stool enables the header to draw 
out from six to twelve by one operation. The further 
reduction of the temper is necessary to aid in polish- 
ing the interior, and removing any roughness or sharp 
edges likely to cut or "fray" the thread. This i 
done by arranging a number of noodles on a square" 
iron bar three or four inches thick, allowing so much 
of the eye end of the needle to project over the edge as 
requires to be softened. Tho needles are retained in 
position by another piece of iron laid over them, and a 
bar with a handle attached is then heated and drawn 
along the perpendicular face of tho block, under the 
needles, so that tho heated bar parts with a portion of 
its heat, and tho temper of the eye oud is " softened " to 
aid in tho after process of polishing the interior. This 
crude process is far inferior to the more intelligent 
method adopted by the German needle-makers, who 
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accomplish the softening of the eye end by a flame of 
gas, with a revolving metal wheel and a vulcanized 
rubber band to retain tho needles in position. The 
circumference of the wheel has on its surface a series 
of transverse slits cut at equal distances, each sufficient 
to accommodate one needle. The wheel is fed from a 
hopper, a needle dropping into each slit as it presents 
itself to be filled ; the head cud of the needle projects, 
the wheel revolves at a uniform speed, and carries it 
through a gas flame, the progress being HO timed, as to 
reduce the temper of the eye end of the needle just 
as much as is required, and no more. At a given time 
tho softened needles drop out into a receptacle pre- 
pared for them. 

The softening process finished, the polishing of 
the interior of the eye follows, this being the pom 
asinorum of the needle manufacturer. Attention has 
already been directed to the Studley maker who drilled 
the eyes of his needles, and then polished the interior 
by means of a " rimer " revolving in a lathe, on which 
he worked tho interior of the needle eye. This was 
attempted by a prior inventor in 1775 and 1789, by 
using very small revolving discs of two sizes, the 
larger of which ground the " guttering " of the eye, 
while tho smaller polished it. "Drilled eyed needles" 
are now a myth. The process, until recently, for best 
needles was carried out by the small rimer (revolving 
in a lathe) which, passing through the eye of the needle, 
worked in all directions, smoothing, fining and polishing 
the eye. In 1839, however, a Eedditch needle manu- 
facturer, Mr. Abel Morrall, invented a simple method 
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by which thousands of uecdlo eyes can bo polished 
simultaneously. A platform, on which a number of 
uprights are erected, has imparted to it by power a 
backward and forward shaky motion, and between every 
two of the uprights are suspended wires of steel, made 
rough by means of a file pressed firmly upon their 
diameter. As they rotate under its pressure on the 
work bench, the needles are threaded on the wires, and 
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A A A A. rpri^ht erected on platform. 

Bli. Moved m longitudinal direction, and a shaking motion 
given it. 

C C. Roughened steel win- on which needles 
DDT) are suspended ly their eye.v 

move about on it freely ; the wires are then suspended 
from upright to upright, motion is communicated to 
the platform, and a pendulum-like motion is thereby 
imparted to the needles, the polishing of the interior 
of the eye being assisted by the wires being lubricated 
with a little oil and very fine emery powder, or oxide 
of tin . 

This process being concluded, the needles arc next 
conveyed to the head grinding and "colouring" or 
" fine *' polishing shop. The former is done by small 
revolving grindstones, against which the head is held 
and rapidly worked, until all the little angularities are 
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taken away. The final polish is accomplished by re- 
volving cylindrical pieces of wood of small diameter 
covered with thin buff leather, technically called "bobs." 
They revolve with very great rapidity, frequently at 
the rate of from 2500 to 3000 revolutions per minute ; 
the " bolt " being placed in the head or rest in which 
it revolves, the " gut " band is lodged in one of its 
three speeds, and the buff leather is sprinkled with 

IS'EKPU: POLISH i:u (LAST OPKUATION) AT WOUK. 




A. The polish ins; " bob." 

B. The rest or " howl " into which it drops and works. 

" putty powder ; " the polisher then picks up a dozen 
needles, presses them lightly against the " bob," causing 
them to rotate in his hand, and thus polishes the heads ; 
then, reversing their position, he polishes the point, 
and finally, presenting the needle lengthways, it is 
polished longitudinally. The rapidity with which 
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this is effected is shown, by a good workman being able 
to polish a thousand needles per hour. 

The last operation completes the making of a needle ; 
what follows is confined to the warehousing, the count- 
ing, and wrapping them up. The paper selected is a 
dark slate colour, and is dried carefully (damp would 
rust and injure the brilliant polish of the needles) and 
then cut into the proper sizes by means of a book- 
binder's guillotine kiiifo, a great number of sheets at a 
time. The folding is done by two rolling machines, one 
of which determines the length of the " envelope," the 
other its breadth ; and a clover wrapper-up (generally a 
woman) can count and wrap up 120 papers containing 
twenty-five; needles each, in all 3000, in the brief space 
of one hour. Boys paste and attach the small labels, 
which bear the number of the needle, manufacturer's 
name, or that of the retail dealer. The small packets 
(when for exportation) are made up into larger packets 
(in dried papers) and contain frequently ten, twenty, 
or even fifty thousand needles, these packets being 
packed into tin boxes and hermetically soldered. A 
recently introduced feature in the needle trade is the 
sale of packets of needles in ornamental cases of brass 
of various devices. Some of these elevate the needles 
on being opened, by simple ingenious mechanical 
arrangements, which, on closing, withdraw them into 
its interior. The cases, however, not being made by 
the needle maker (though an adjunct to their trade), 
do not call for further notice. 

The quantity of needles produced annually in Eng- 
land is immense. They embrace every variety, size, 
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and number used by the lady in embroidery, crochet, 
and netting, by housewives in their homely sewing, 
and by the male sex as tailors, saddlers, shoemakers, 
glovers, sail-makers, and packers. The advent of 
Bowing machines, while it has created a speciality in 
needle making, does not appear to have decreased the 
demand for ordinary needles. During the Franco- 
German war, needles were made for the gun which 
bears the prefix of the domestic instrument, i. e. the 
needle gun, and great quantities were required by the 
surgeons engaged iii the merciful duty of " binding 
up wounds." The surgical needle, though made by 
needle makers, is a curved needle, having the point 
sharp, and four-fifths of the length thin and flat ; they 
arc made of various lengths, the longest of which are 
used after amputations, the next for ordinary flesh 
wounds, the shortest for sutures. The delicate pur- 
poses to which these needles are applied, the necessity 
which exists for sparing unnecessary pain to the patient 
requires them to be made by hand, with the greatest 
possible care, and each ground and polished separately. 
There is probably no manufacture which illustrates 
the division of labour more completely than that of 
needles, and not one in which simple operations tend 
to such successful results, or in which prejudice has 
operated so potently in preventing the application of 
machinery, or the adoption of really simple, useful, 
and economical processes. Humanity and increased 
intelligence demand that the process of dry grinding 
should be put an end to, and there are others which can 
be performed in a more scientific manner, sucli as 
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hardening and tempering. Even the softening of the 
needle's eye, as ordinarily conducted, is discreditable 
to the needle trade. 

The hands employed in ISfil were a tittle over 4000, 
but at the present period (1K74) they have increased to 
upwards of 4700 ; the location of these shows the se.at 
of the needle inanufaeture to he, Worcestershire and 
Warwickshire, in the former of which counties 801 
males and 81)7 females were employed ; in the latter, 
1108 males and J75S females, an aggregate of -1U75 
workpeople, us opposed to 454 distributed over other 
counties, principally in Leicestershire, Nottingham- 
shire, <fec. 

The social condition of the workpeople residing in 
the small towns of Itedditcli, Aleester, and Studley, 
and in their immediate vicinity, is ei|iml to those en- 
gaged in other manufactures practised under similar 
conditions. The wages under these circumstances 
range from Is. (jd. to 5*. per week for children, females 
from 8s. to 15s., and males from 12*. to 40s., though the 
last-named sum may be taken as exceptional. 

In the needle trade certain curiosities are to be 
found, such as double needles for seamstresses troubled 
with imperfect sight, where the eye is made to open 
at one side to facilitate easy threading ; magnetized 
needles and thimbles, to prevent the needle being lost ; 
needles, the eye of which is wider in the direction of 
the point of the needle, or with a double eye, to hold 
the thread firmly ; needles made with a 8 well in the 
middle, tapering towards point and head, to facilitate 
the easy passage through the cloth. A project was 
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patented for dispensing with " dry grinding " by 
" suspending the needier to be pointed to the positive 
pole of a galvanic battery, immediately above the 
negative element, and as elose as possible to it without 
being actually in contact, some exciting liquor, as 
dilute nitric acid, completing the circuit/' 
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SADDLERY. 

BY Tin: LATI. \V. ('. AITKKN (P>innin;h:im). 

SADDLERY is an important branch of national industry, 
which is in extensive demand for homo consumption, 
and figures largely as an article of export to other 
countries. The greatest quantity is sent to Australia, 
South Africa, and British India, though other countries 
also consume English made saddlery. Viewed in rela- 
tion to the number of workmen, &c., employed in labour 
in this country, saddlery absorbs the labour of not 
fewer than 22,000 individuals, and in this particular 
the saddlery manufacture ranks high among English 
trades. 

Though every town and important village in this 
country has its saddler, its chief Beats (though con- 
siderable quantities are made in London) are the towns 
of Birmingham and Walsall, in both of which very 
large well-conducted manufactories exist, exclusively 
engaged in the production of these articles. As early 
as the end of the thirteenth century, these places were 
celebrated for the quality and quantity of their leather : 
leather, it is almost unnecessary to remark, being the 
raw material from which saddles are made. At an 
equally early period, the inhabitants of these districts 
were also famous for their skill in working in metal* 
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Specialities in metal enter very extensively into saddle 
work, more especially into the harness department. 
The production of metal work employs a very large 
number of workmen, the trade embracing bits, spurs, 
and stirrups in iron and steel, the metal mountings of 
harness, buckles of various kinds made of iron plated* 
with silver or brass, covered with leather, or of solid 
brass, " terrets " through which the driving reins pass, 
armorial bearings, us coats-oi'-arins, crests, and other 
ornaments used for the enrichment or decoration 
of carriages. These latter are produced from thin 
sheets of silver or brass by means of stamps and dies, 
strengthened by u filling'' with soft solder formed of 
lead and tin. Other plainer and more substantial 
ornaments, used in the harness of drays, waggons, and 
carts, where wear and tear render substantiality neces- 
sary, are also produced in great quantities, by workmen 
in saddlers' ironmongery. These workmen, it may be 
observed, are not included in the number given as 
employed in the saddlery trade. 

There are two classes of operative manufacture in 
the saddlery, one of which is known as the " brown," 
employed in saddles, bridles, and articles of uncoloured 
leather ; the other is engaged in the production of 
ornamental harness for carriages, gigs, &c., and also 
the more practically useful harness used for traction, 

* By the expression " plated " is not meant coated by means 
of electro deposition, but thin sheet nu-tnl made to assume the 
appearance of a t4 shell," tinned inside with soft solder, and 
made to adhere to the foundation or core of iron or steel by 
fusing the solder. 
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agi'icultural purposes, &c., and mode out of leather 
stained black, whether "patent" or otherwise.. 

The processes of tanning the leather for the manu- 
facture of saddlery will be found in another volume,' 
and it is therefore unnecessary to nay more than that 
the leather used in saddlery is made from the hides of 
cattle and horses, imported from South America. Tim 
"calfskins and "kips" (the hitter taken from hull- 
grown cattle), in their raw state are chiefly supplied 
from the Continent, while the '" pig " skins, almost 
exclusively used for saddles, to form the "seats," on 
account of their elasticity and wearing qualities, are im- 
ported from Scotland, these being superior to tho skins 
of pigs from other countries in durability and beauty 
of colour. Attention may here IK- dim-ted to the* very 
successful imitations of pig skin, by means of copies 
from a hardened or prepared pig skin, which is pro- 
duced by the trough of un electro depositor; the plates 
gives a perfect copy of every bristle-murk and irregu- 
larity of the skin. All that is necessary is, simply to 
lay the copperplate on the table of a press, and over it, 
tho smooth leather to be impressed, which is then 
passed through rolls, and presents an ox.'ict imitation of 
pig skin, difficult of detection by the uninitiated. For 
the " scats " of saddles this imitation is not suited, but 
it is used for those portions known as the " skirts " and 
"flaps," which in best saddles are covered with real 
pig skin. Formerly tho granular appearance on the; 
surface of these portions of the saddle was produced 

* ' British Manufacturing Industries,' " Hides and Leather," 
page 33. 

K 
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by means of the hardened, dried, and stretched skin of 
a shark, pressure being required as just described. 

The chief object in brown saddlery is to make a 
good saddle, consisting of a skeleton, or " tree," a 
"seat," "skirts," and "flaps." The tree is generally 
made of beech wood, strengthened with iron plates, 
though iron is sometimes used alone. Sheet iron is 
sometimes used, and other materials have also been 
recommended, but beech wood tree holds its own. 
Next comes the means of attachment of the stirrup 
leathers, now known as u spring bars," which permit 
of the easy release of the stirrup leathers in case of 
accident. The modus operand!, in saddles consists in 
nailing on from the " head " to the " cantle " two 
lengths of strong girth webbing, to secure convexity 
and elasticity of the seat, while other lengths of web- 
bing are nailed across. Improvements in the con- 
struction of the foundation of the " seat " have been 
introduced by the application of other materials as 
vulcanized rubber, catgut strings, coiled springs, &c. 
The preparation of the foundation of the seat for its 
covering of hog skin having been completed, that of 
the " skirts " and " flaps " follows, these being of cow- 
hide leather of medium thickness and good quality. 
Great attention is paid to the size of these parts, so as 
to fit them correctly. The commoner leather or basil 
which forms the " pannel," and serves to contain the 
padding retained by the inner lining of serge (which 
is cut larger than the "basil") is sewn together by 
women. Two " bellies," formed of leather, " thinned " 
and stuffed with doe hair, are nailed one on each side 
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of the " tree," to give the seat the required breadth 
and shape. The so far advanced scat is now covered 
with serge, and the stuffing, which gives elasticity 
and softness to the seat, is introduced through a slit 
in the serge cover, by means of a thin steel tool called 
a "seat-iron," and by it is distributed over the seat 
under the serge. The " tree " is now in a condition 
to receive its covering of hog skin, which is damped 
on its under side, and temporarily fitted on; at this 
stage the skirts and flaps are also fitted, the seat being 
marked where the flaps come ; the u pig skin " is next 
removed from its temporary kt fixings " and given to Die 
" scamer " to join the seat to the kt skirts." The 
" pannel " is then stuffed with wool, and quilted to 
secure its shape and firmness ; and the scat covering, 
slightly damped, with the skirts attached, is finally 
drawn on to the seat to the position which it tempo- 
rarily occupied. The skirts and girth straps are next 
attached, and the paimel nailed on, completing the 
manufacture of a saddle of the best quality. 

Allusion has been made to sewing together the 
parts of leather forming a saddle by hand labour, but 
in saddles, as regards stitching done by machinery, as 
for example, where the saddle seat, &c., is covered with 
ornament, the flaps and skirts have each also their 
rows of sewing better and more speedily accomplished 
by means of the now universal sewing machine, which 
is largely taken advantage of by manufacturers of 
saddlery. The leather, with the design to be sewn 
"pricked" on, is turned in every direction by the 
machinist, the needle supplied from the reel with 

K 2 
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its orange, or other coloured silk thread, following 
the sinuosities of the curves, leaves, and flowers in the 
design. 

Whether saddles should be made light or heavy, 
long or short, and what the construction of the seats 
before covering should be, taste, durability, and the 
market for which they are made, will determine. 
Bacing saddles are the lightest made (many of these 
do not weigh more than 2 lb.), those for military service 
are the heaviest, while ordinary saddles vary in weight 
from 9 to 13 lb. The varieties of saddles made in 
addition to those named, are "side" and "pilch." 
In military saddles (especially "Hussar") the "head" 
and " caiitle " are more elevated, the seat more concave, 
than saddles generally used by civilians. 

Bridles form an important element in the " brown " 
saddlery ; they consist of parts designated " the head," 
" bit cheeks," front, nose-band, throat-lash, and reins. 
To the reins the bits arc attached, the latter being 
mode and supplied by the " saddler's ironmonger," so 
that the actual labour of the saddler in the making 
of a bridle is small. The " front," which is generally 
ornamented, is seldom the work of the saddler, his part 
being confined to the attachment of the buckles and 
the " keeper," to retain the superfluous length of strap 
after passing it through the buckle. The various 
straps which form the bridle are cut with what is 
called a " cutting gauge," made of iron, and consisting 
of a square iron bar, into one extremity of which a 
cutting blade is fitted. The bar is marked with a scale 
to distinguish the breadth of the straps to be cut, and, 
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on the bar slides, a piece of thick iron, with its perpen- 
dicular and horizontal faces dead true and accurate. 
This iron, when set, is held fast by means of a screwed 
thumb-bit. To form a strap of the required breadth, 
the skin is cut straight on the edge, the workman 
applying the cutting gauge and pressing the surface of 
the guide against the leather, so that he can cut with 
unerring accuracy numerous strips or straps of the 
breadth required. 

Black saddlery embraces the production of harness 
of every kind used on horses for drawing carriages, 
chariots, and gigs. It also includes harness for tho 
artillery and transport military service, together with 
mule harness, for exportation. Tho raw material is 
still leather, with its natural colour changed by tho 
application of japan or varnish, and then called 
t; patent." This is applied in the parts of the harness, 
as the blinkers, covering of the collar, the saddle, &c., 
where ornament is desired, strength not required, and 
strain not likely to occur. The coating of varnish 
is superficial, and, though tough, it cracks on being 
subjected to strain. In harness making, the manipu- 
lation is identical with that employed by tho " brown " 
saddler. The straps are cut by the cutting gauge, while 
other parts of leather, formerly cut by means of a sharp 
pointed knife following the outline of a model or tem- 
plate, are now operated on with a " punch " laid on the 
leather and placed under the platen of a press. In 
black saddlery, the application of the sewing machine 
is even more general than in the brown, and may be 
said to do all tho stitching, plain and ornamental, 
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save those parts which, it may be safely said, will never 
be accomplished by the machine. A notable example 
of the rapidity with which work is done by the machine, 
is presented in the making of kk traces." These consist 
of two or more thicknesses of leather united together 
by string; a trace throughout its entire length is 
firmly sewn by the machine in as many minutes as it 
formerly consumed hours, if done by hand labour. 
Again, the round edge of the trace (formerly produced 
by " spokeshoafs " used by hand), is now accomplished 
by means of the revolution of two concave cutters, 
through which the trace, the edge of which is to be 
rounded, is rapidly passed. The subdivision of labour, 
the improvement in tools, and the application of ma- 
chinery, have very largely operated, more particularly 
within the last few years, in quickening production, 
and providing for the increased demand for saddlery 
for the purposes of export. It may be added, that if 
the saddler's ironmonger by his productions aids the 
'* brown," in a very much more important manner does 
he aid the ' black," or harness maker, for the latter is 
dependent on him for the great variety of parts in 
metal, which are essentials in this department. 

The productions of the manufacturer of saddlery 
include an almost innumerable variety of articles in 
leather, whether brown or black, not named among 
those already described; such as holsters, valises, 
magazines for holding cartridges, saddle bags, sailors' 
belts and " palms," used by sailors in sailmaking and 
repairing. For travelling purposes there are port- 
manteaus, railway travelling bags, letter bags, cash 
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boxes, school-boys' and other satchels, and dog collars, 
with or without brass inscription plates. In solid 
leather, gun-cases, strong, light, and portable ; powder 
flasks, dram bottles of glass, ingeniously protected ; 
shot belts, leggings for riding or walking, and cigar, 
cigarette, and fusee cases, all enter into the productions 
of the saddler, together with straps in an immense 
variety, for holding plaids, rugs, or coats, waddle cloths, 
girths, and horse clothing. Though whip making is 
practised apart from saddlery, as a separate branch of 
industry, many of the large manufacturers of saddlery 
also manufacture whips of all kinds, and for all purposes. 

Where soundness of material and durability aro 
required in the articles exported to foreign countries, 
English saddlery is preferred; where ornamentation, 
embroidery, and colour, is demanded, that of France 
enters successfully into competition ; but even in the 
face of the latter, the soundness, practical usefulness, 
and enduring qualities of our borne trade are becoming 
more and more generally recognized ; and as a conse- 
quence the export is steadily and annually increasing. 

The workpeople employed in the manufacture of 
saddlery are stated by one of the largest manufacturers 
in the trade, to be, as a rule, steady, respectable, and 
thrifty. The proportion of women employed (1830) 
does not reach one-twelfth of the males (21,181). For 
wages, the " bridle cutter " gets from 20s. to 30s., the 
harness maker, 30s. to 40s. The highest paid are the 
workmen employed in the production of saddles of the 
best quality, who get from 30s. to 45s. Women earn, 
on an average, 10s. per week; superior hands, who 



136 BRITISH MANUFACTURING INDUSTRIES. 

can attend to and execute their work in the sewing 
machine, earn 15s. 

An allusion has been made to the export of saddlery, 
which is shown to be steadily increasing, by reference 
to the Government returns extending over five years, 
though it should be remembered that in 1871 the 
Franco-German war materially increased the exports 
of saddlery. 
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BY TIN: LATE W. (-. AJTKIIN (Binniii^lmin). 

ELECTROPLATE Las now entirely superseded the silver- 
plated ware, which, some forty or fifty years ago, was 
the only substitute for articles made entirely of silver. 
The advantage of plated wares being cheaper than 
those made of silver, was met by the disadvantage, 
that the plated article showed, after a very few years' 
wear, the copper on which the silver was laid. Un- 
questionably the discovery that a thin plate of silver 
could be soldered to a thicker bar of copper, and that 
by rolling, the two metals would adhere to each other, 
as the bar was extended under the action of the rolls, 
was a great discovery, as it enabled those of limited 
means to possess objects apparently of solid silver, 
which were not so. 

It was impossible in the manufacture of wares in 
plated copper, to produce details with any approximation 
to sharpness. If stamps and dies were used, the results 
were tame and unsatisfactory, and to secure this 
sharpness, the thickness of the epidermis of silver on 
the copper would have been so diminished, as not to 
be able to resist the cleansing necessary from time to 
time. If the parts had been cast instead of being 
stamped, they could not have been plated, for no known 
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process tLcn in existence could have accomplished it, 
so that in all such objects as salvers, covers, or dishes 
on which meat was served up, the " gadroon " or other 
pattern edgings or borders were stamped out of very 
thin sheet silver, and filled in afterwards, in order 
to strengthen them, with lead solder, which, like the 
copper, speedily showed itself. The conditions ne- 
cessary for working up the material exercised a dete- 
riorating influence 011 the forms, and hence the uniform 
tanieness and want of spirit which, in a marked degree, 
characterized all objects executed or produced in 
copper plated with silver by means of rolling. 

It is necessary to make these remarks, in order that 
the more recent processes introduced into the manu- 
facture of electroplated articles may be more clearly 
understood. For copper, which is red and soft, is 
substituted German silver, which is hard and white, 
being an alloy composed of copper, zinc, and nickel ; 
and when these metals are completely mixed, the 
contents of the crucible are poured into iron moulds, 
and produce " strips " of various lengths, breadths, and 
thickness. These strips, having the end at which they 
were poured cut off, are then subjected to the action of 
the rolling mill, in which process the metal becomes 
hard, its ductility being restored from time to time 
by annealing in a muffle furnace. Having been re- 
duced in thickness to the required gauge, the sheets 
of German silver are then cut up into the size cor- 
responding to the object to be produced. Globular 
" bodies," dishes, vases, &c., are produced or " raised " 
by hammering, " beatirig-up," " spinning," or stamping 
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in dies ; ornaments, handles, and feet are stamped in 
dies, or arc cast from carefully-chased permanent metal 
patterns in German silver, and after casting they are 
repaired and chased before being affixed to fct budy," <&c., 
of which they form a useful, or integral part. They 
are not fixed by means of wft, but witli luird solder, 
which necessitates that the respective surfaces be made 
red hot, that the solder may fuse, and unite? the parts. 
This differs from the soldering adopted in the old 
plated wares, union of parts in these being accom- 
plished by means of ,sv>// solder, which melts with the 
heat of the tinman's copper bolt or " doctor." This 
style of union was very apparent in a plated candlestick, 
when the candle burnt down into the, socket and melted 
the solder, or in teapots which, when not quite full, 
were left in too close proximity to the fire, so that the 
spouts dropped oil, and the handles became discon- 
nected. 

By the electro-metallurgical process of coating or 
plating with silver, every part of an object is plated 
after it is fitted together, whereas in the wares made 
out of plated copper, they were plated before, so that, 
in the putting together, the trimming of parts at their 
junction reduced the thickness of the silver, and at 
these junctions the copper became soonest apparent. 
The density of the silver on the copper, as compared 
with that deposited by the electro-metallurgical modern 
process, has been disputed, but the articles plated in 
the vat of the depositor wear better and longer than 
those produced in the days when all plated goods, 
whether made in Sheffield or Birmingham, were of 
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copper plated with silver. Electroplate alone is to be 
found in all establishments such as hotels, restaurants, 
&c., where hard wear and rough usage are the rule, 
while articles of an ornamental character in electro- 
plate are preferred, owing to their better taste and 
superior design, united with economy of cost. The old 
plated wares, when partially deprived of their silver, 
had to be thrown into the lumber room or sold for old 
copper they could not then be replatcd ; but modern 
electro-metallurgy has supplied the means by which 
they could have been. The old mode contrasts in 
every way unfavourably with the new, the special 
qualities of which consist in the greater application of 
artistic power in the designs to be worked out, and the 
more enduring qualities of the objects produced. 

I have already stated the composition of German 
silver, and how it is cast and rolled. Forks, spoons, 
and articles of that class are made from thick sheets 
of this material, cut out into " blanks " by punches, 
and corresponding " bolsters " of steel, worked in 
presses moved by hand or machinery. The punch in 
its form is exactly that of the outline of the spoon or 
fork ; the details of ornamentation on the handle, 
whether " fiddle " or other pattern, and the concavity 
of the mouth of the spoon and its sweep, being pro- 
duced in dies by stamping with repeated blows of the 
hammer or " ram " of the stamp, to which the counter- 
part of the die is attached. The prongs of forks are 
cut out also by punches and beds. Articles of a glo- 
bular form, and others of a similar kind, as the " bodies," 
tea and coffee pots, and other vessels connected with 
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dinner and tea services are " raised up " from flat 
sheet metal by skilful hammering ; others are produced 
by " spinning," a proeess which eonsists in converting 
a flat dise of metal, revolving in a lathe, and held 
against a bloek of wood by the pressure, of another 
piece, to hold the metal against the "chuck" in the 
spindle head of the Lithe. When the lathe is set in 
motion, the disc of metal revolves, the outer circumfer- 
ence of the disc being pressed against with a blunt long- 
handled steel " burnisher," while 1 - additional pressure) 
is gained by an iron pin which drops into a hole or 
holes in the " rest " of the. Lithe to serve as a fulcrum, 
the tool representing the lever. The flat disc of metal 
becomes concave, and is converted into a globular 
or part of a globular form, and, as in rolling and 
stamping, the metal in spinning requires to be annealed 
to restore its ductility. 

The process of stamping is also taken advantage 
of very extensively in the production of electroplated 
articles, such as "bodies" of spherical and other forms, 
especially where u fluted " or covered with foliated 
ornaments ; the " feet " and handles, when not cast, 
are also produced by stamping; and here again the 
raw material used is thin rolled Gorman silver. Dies, 
steel-faced, or steel laid upon iron, called " fullered," 
are used, and the design to be reproduced is cut, incised, 
or sculptured in intaglio. The die is held firmly to 
the bed of the stamp by means of four screws, and to 
the fulling hammer of the stamp, which slides between 
two upright rods of metal (i.e. the poppets of the stamp) 
is attached a convex copy of the design sunk into the 
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die, which is frequently changed. The first succession 
of " forces " simply serves to give convexity, succeed- 
ing " forces," more developed, giving the details of 
the ornament, until the last one brings up every 
detail of the design in the die. It is almost unneces- 
sary here to add, that when the flat disc of metal is 
sunk to the depth of the "force," it is annealed in 
muffles, or oven-like furnaces, in which the flame from 
the fuel plays on the roof, the metal being as far as 
possible from the oxides which are frequently associated 
witli the carbon of the coal. 

Where portions of articles are cast in German silver, 
and economy in production precludes the application 
of hand-labour in " chasing " and " repairing, 1 ' dies are 
used in order to give additional sharpness. 

It will at once be understood, from the facts already 
given, that the production of articles of electroplate in 
parts necessitates their being put together ; and where 
the parts are not held together by screws and nuts 
as the handles of dish covers, cruet stands, knobs of 
tea and coffee pots it is requisite that they should 
be firmly held to the object, as "feet," handles and 
spouts of tea and coffee pots, &c. It is a distinguish- 
ing feature of the electroplate manufacture, that the 
portions of the object to be permanently attached are 
done so by means of liard solder, and in order to 
accomplish this, they are first carefully fitted to the 
"body," and held there by means of binding wire 
of iron, or clips. At the places to be united, ground 
borax and solder are laid, and in order that no heat 
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may bo lost, the object to be soldered is placed on 
an iron tray, on which coke is distributed. The heat 
necessary to melt the solder is produced by gas, 
supplied through the instrumentality of an autogenous 
blowpipe or double tube, the outer tube conveying 
the gas, and the interior a blast of air, which, 
uniting with the gas immediately before it issues 
from the orifice of the blowpipe, increases the size 
of the flame, and also its heating power. Change 
in the direction of the flame to any portion of the 
object to be soldered, is accomplished by the mouth- 
piece being attached to a flexible indiarubbcr tube. 
By this means the workman directs the flume, so as 
to play upon the surface of the article, which speedily 
assumes a red heat, its chief force being directed to 
the parts to be united. The borax melts into a trans- 
parent glass, the solder fuses, and the parts formerly 
twain become one, and are so firmly attached, that any 
attempt to separate them would only result in tearing 
away the metal. 

The borax which is left after the soldering is got rid 
of by " pickling " in a diluted solution of sulphuric acid, 
after which the articles are rinsed in water and dried in 
sawdust, to be passed on to the " trimmer up," who, by 
specially formed files, removes the superfluous solder. 
The goods arc next placed in the hands of the polisher, 
who, with " buffs " and " brushes " revolving by steam 
power, polishes or renders smooth every part of the 
surface, abrasion being promoted by Trent sand, or 
powdered Bath brick. 
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Whore the objects require engraving or a simple 
development of the rcpousser's art, they are next sent 
into the engraving shop, where the artist, having 
traced the design with a sharp steel point, with his 
graver cuts it indelibly on the surface. If the article 
is globular, by means of bent tools, called " stakes," he 
forces up, by striking the opposite end of the stake 
with a hammer, the projections on the exterior surface. 
If the object is a salver, lie strikes up elevations on 
the side to be exposed. The globular vessel is filled 
with pitch, but if it is a salver, it is placed on a pitch- 
covered block of cast metal or wood; the outline of 
the ornamentation is traced and formed with small 
blunt chisel-pointed tools or " tracers." Then follow 
the details by means of chasing or " matting," which 
give the various textures that impart variety to the 
ornamentation. 

The roughness consequent on the action of the 
" graver " having been smoothed down, grease or objec- 
tionable matter is removed from the surface of the object 
to be coated, by placing it in a boiling alkaline solution 
of pearl-ash or soda, rinsing in cold water, and drying in 
sawdust, and it is then in a condition to be sent into 
the depositing trough, which is filled with cyanide of 
silver solution, in which it is suspended by copper 
wires. The wires are attached to brass rods laid 
crossways on the copper- covered edging in the thick- 
ness of the wood of which the vat is made, and this 
being done, connection is formed with the galvanic 
battery ; the result being, that the silver held in 
solution is released in minute particles, and attaches 
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itself to the surface of the metal object. A silver 
coating of a greater or less thickness is secured, accord- 
ing to the length of time that the object is allowed to 
remain in the solution, the strength of which is kept 
up by plates of metallic silver being suspended in the 
vat. The loss of the metallic silver plates bears a due 
relation to that released from the cyanide solution and 
deposited on the articles coated, which are then re- 
moved from the depositing trough, boiled in pure water, 
and again dried in sawdust. The appearance presented 
on being removed from the vat is that of dead silver, 
a dull metallic opaque white colour, and the brightness 
of silver is produced by the addition of a few drops of 
bisulphuret of carbon to the cyanide- solution. The 
deadness in colour, which distinguishes the plated 
articles taken from the vat, is removed before burnishing, 
by the use of circular brushes, the bristles of which are 
represented by very fine-drawn brass wire, and during 
the operation of brushing, the goods are kept wet by the 
drippings of stale beer. 

The next process is that of burnishing, in which 
women, aided with blunt-pointed steel tools with 
variously formed points to penetrate into every cavity, 
go over every part of the object. They next use bur- 
nishers of bloodstone, to impart the final brilliancy, 
the surfaces being lubricated with soap and water to 
prevent their being scratched. Spoons and forks, 
&c., subjected to frequent cleaning, receive their last 
touches by means of " rouge." In places which cannot 
be easily reached by buffs or brushes, the burnishing 
is done by hand. 

L 
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The interior gilding of objects externally silvered, as 
croarn jugs and sugar basins, is accomplished also by tlio 
electro-deposit process, but the cyanide solution, in 
this case, is permeated with gold. The vessel to be 
gilt is filled with a solution of gold, decomposition and 
deposition being effected by connecting the outside of 
the object with the positive pole, &c. ; the end of the 
wire of the negative pole is dipped into the gilding 
fluid inside. The deposition of the gold commences 
immediately, and in a very brief space the inside of 
the object is gilt. All gold solutions are worked hot. 
Gilding externally is accomplished by the immersion 
of the article to be gilt in the solution, as described in 
the deposition of silver. Panel gilding, which gives 
additional beauty to works executed in precious or 
other metals, is also accomplished by the electro-de- 
posit process. It is a simple operation, and is effected 
by " stopping out " with varnish the parts of the ob- 
ject which it is not desired to gild ; and on immersion 
in the solution, the gold is readily deposited on those 
parts which are not protected. 

Another department of electro-metallurgy is rapidly 
rising into an industry, if it may not already be said 
to be one, viz. the reproduction of articles originally 
elaborated by art workmen of the Mediaeval and Ke- 
naissance period. Copies of works by the Ghibertis, 
Cellinis, Caradossos, &c., the originals of which are 
priceless and unattainable, can now bo had at a 
minimum of cost, the result of the discovery and applica- 
tion of the principles of electro-metallurgy. Upwards 
of eighteen commemorative statues, varying in height 
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from 6 feet 6 inches to 13 feet G inches, are the direct 
results of the copper depositing vats of Messrs. Elking- 
ton. Three of these statues are equestrian ; the largest, 
that of Lord Eglinton, modelled by McDowell, is a 
grand and noble work. 

Not only can the iinest examples of the sculptor's 
art be reproduced, but the most fragile objects in 
nature can be equally preserved, such as flowers, in- 
sects, medals, or the most exquisite triumphs of the 
goldsmith's or jeweller's cunning. 

Indeed, it may be said that electro-metallurgy, 
among all the metal- working processes, is the most 
generally facile and applicable for purposes of orna- 
mental display, and it is by far the greatest of the 
many gifts, within the last forty years, bestowed by 
science on our national industries. Its discovery 
diminished human suffering, by substituting a harmless 
process of gilding for the baneful effects of the mer- 
curial vapours, consequent on the process of gilding 
with gold amalgamated with quicksilver. It has 
furnished the artistic and industrial modeller with 
abundant employment, largely added to the demand 
for skilful " repairers " and " chasers," and originated 
a superior class of artizans, while it has vastly in- 
creased the number of ordinary workmen. Thus, in 
1841, the employed under the Census definition of 
"goldsmiths, jewellers, and silversmiths" (platers 
were included also), numbered 10,755. 

Plating by the electro process was introduced in 
the ten years which elapsed, so that in 1851 the 
number of workmen had increased to 13,250 ; in 1861, 

L 2 
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to 17,929 ; in 1871, to 21,530 : males, 18,344 ; females, 
8186. The increase in the numbers is clearly due 
(for the old mode of producing plated articles is at an 
end) to the development, application, and extension of 
tho principles which, from copying a medal, by the 
reduction of metallic copper from a solution, led up to 
the reduction of the precious metals, as gold and silver, 
by the same process. 

The electricity which is employed in the smaller 
establishments is usually supplied by means of gaj- 
vanic batteries ; but in the great works, where these 
would be attended with inconvenience, machines arc 
employed for the production of tho necessary electrical 
force. 

Several different kinds of machines have been tried, 
that of ";<^j$amme " being the most successful. This 
machine colonists of electro-magnets, between the poles 
of which are rotated iron rings wound with endless 
coils of insulated copper wire. Commutators or col- 
lectors of the electricity arc so arranged, that the 
current delivered is a continuous one, requiring very 
little engine power to produce, and not causing any 
heating of the apparatus. Fig. 1 shows a perspective 
view of one of the machines. 

The galvanic battery of Daniell had been long pre- 
senting the phenomena of depositing copper, before 
any practical application of the principle was thought 
of, until Thomas Spencer, of Liverpool, first reproduced 
a medal as a practical result; scientifically trained 
miiids picked up the solitary fact, and, reasoning there- 
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from, proved conclusively, that what could be done 
with one, might and could be done with other metals 
more valuable. Then followed the scientific treatises 
of Smee, Shaw, Napier, and Watt on olectro-nietal- 

t. I, 




lurgy, which supplied the manufacturer of electroplated 
wares with practical information, to be made use of 
in the depositing room. 
The workmen and women employed in electroplate 
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manufacture occupy a high position among artizans. 
The business is a cleanly and healthy one. On 
examination it will be observed that one-sixth of the 
labour is performed by females 

Casters of German silver get from 35s. to 40s. ; 
fitters from 30s. to 50s. ; stampers, 35s. to 40s. ; 
polishers, 30s. to 35s. ; chasers, 30s. to 50s. ; assistant 
depositors, 30s. ; engravers, 35s. to 50s. ; embossers, 
35s. to 4.5s. Females: burnishers, 15s., 18s., to 25s. 
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STEEL PENS. 

BY GEORGK IJNDSKY (Birmingham). 

THE modern implement for writing with a fluid is a 
very different thing to the pen of former times the 
stylus and the calamus of the ancients, for example, 
which were used chiefly on the prepared bark of trees, 
palm leaves, or the papyrus of the Egyptians. Quill 
pens, still affected by a few old-fashioned penmen, only 
came into general use after the introduction of modern 
writing paper, and were made in immense quantities 
from goose feathers, now utilized for other purposes in 
connection with the industrial arts. The English 
name " pen " is from the Latin penna, a feather. 

During the last century many experiments were 
made to improve the quill pen, the great defect of 
which was found to be its constant liability to injury 
from mere ordinary use, and the trouble of frequent 
mending ; moreover, even the most skilful maker could 
not ensure uniformity of quality, and any variation in 
this respect affected the writer's work. These efforts 
were chiefly directed to fitting small metal, or even ruby 
points, to the nib of the quill pen, but the fineness and 
delicacy of the operation were so great, that but very 
little success attended the experiments. The quill, 
however, is not altogether discarded. A pen formed of 
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tho goose quill, in the shape of a steel -pen nib, is at 
the present time extensively made in Paris, and com- 
monly used in England and the Colonies. The outer 
wing quills make the best pens of this kind, and some 
writers prefer them as a medium between the old style 
of quill pen and the steel pen. Ingenious machinery 
is used to manipulate the material to advantage : a 
machine with guides and a small circular saw, having 
very fine teeth, slits the quill, the concave halves of 
which are afterwards pressed, pointed, and slit under 
dies, in the same mode as steel pens. No waste is 
permitted, the plume or feather portion of the quill 
being utilized in the manufacture of children's shuttle- 
cocks, or dyed and used by the makers of artificial 
flowers, &c. 

The steel pen is of comparatively modern invention. 
At the beginning of this century pens began to be 
made wholly of metal ; they consisted of a barrel of 
very thin steel, and the nibs were cut and slit so as to 
resemble the quill pen as closely as possible. The 
real inventor of the 4k knitting needle of civilization," 
as the steel pen has been not inaptly designated, has 
yet to be discovered. One of the earliest attempts to 
make a steel pen is attributed to William Gadbury, a 
mathematical instrument maker, who, for his own per- 
sonal use, constructed a somewhat clumsy article from 
the mainspring of a watch, out of which the two 
separate halves or nibs were formed, and these being 
brought together were secured by a small ring or band 
of metal. Another amateur, Daniel Fellows, of 
Sedgley, Staffordshire, is said to have been one of the 



STEEL PENS. 153 

early metal pen makers, and a similar honour is like- 
wise claimed for a Sheffield artizan, whose; name, either 
from jealousy or forgetfulness, has not been recorded. 
The early history of steel pens is involved in obscurity, 
but reasoning from probabilities, I should say that Bir- 
mingham may fairly claim that the steel pen was first 
perfected by one of her manufacturers. 

A great scientist and theologian, Dr. Joseph Priestley, 
was long resident in Birmingham, for whose personal 
use a split-ring maker named Harrison made a steel 
pen, with which the doctor wrote some of his famous 
polemical essays. It was rather rudely fashioned 
out of a piece of steel formed into a tube, the lower 
part being filed away into the shape of a pen, and the 
parts where the tube joined being left as the " split." 
Years afterwards one of the men associated with 
Harrison in his split-ring business Mason by name 
successfully embarked in the trade of pen making, and 
the same manufacturer (now Sir Josiah Mason), after 
realizing an immense fortune, which he has set apart 
to the founding of special educational and charitable 
institutions in the Midland metropolis, has just 
(January, 1876j retired from one of the largest pen 
factories in the world, which will henceforth be carried 
on under a limited liability company. 

The name of Gillott deserves to occupy a foremost 
place in connection with steel pens, for by his own 
individual skill and enterprise was the first great 
impulse given to the trade. The early metallic pens 
were of very indifferent quality, and exceedingly dear. 
Pens which sold at from 6*. to 8*. per gross, forty 
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years ago, are now procurable for about half the number 
of pence, while wages have improved, owing to the me- 
chanical facilities of production. The chief fault of 
the first pens of metal was their hardness, which pro- 
duced a disagreeable scratching of the paper. As 
early as 1820, Mr. Joseph Gillott, who dealt in the 
metal pens then made, hit upon an improvement, 
which, by removing this great defect, gave a stimulus 
to the manufacture, and caused it to be developed to an 
extent truly marvellous. This improvement consisted 
in making three slits instead of the single one formerly 
used, and by this means much greater softness and 
flexibility wore acquired. 

At the time when Mr. Gillott commenced operations, 
much of the beautiful machinery now in use had yet 
to be invented, and was subsequently invented, and for 
the most part perfected by himself. There were no such 
things as the " slip " pen, which now constitutes the 
staple of the trade the thin piece of metal " raised " 
from the flat. Gillott adapted the press to the making 
of pens ; he saw that this would enable him to dispense 
with most of the slow and laborious operations of 
pen making ; that it would be possible to cut out the 
blanks, slit them, bend the metal, stamp the maker's 
name, and thus, by mechanical moans, render produc- 
tion at once rapid and certain. The metal had to be 
prepared by annealing, pickling, and rolling for the 
action of the press ; special dies had to bo made for 
each size of pen, and for each operation of stamping to 
which the " blanks " had to be submitted ; presses of 
improved construction quick, light, easily worked, and 
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yet strong enough to strike a sharp, firm blow had to 
be made. And when these difficulties were overcome, 
there remained others not less formidable such as 
hardening and tempering the metal after quitting the 
press, rendering the newly-made pens flexible, so as to 
write easily, cleaning and polishing them without in- 
juring their fineness, arid coating them with some kind 
of varnish, so as to render them more presentable to 
the eye. 

This was the work which our great modern pen maker 
set himself to do; and with much ingenuity and un- 
flagging perseverance he accomplished it. By degrees 
the press was adapted to the cutting, slitting, bending, 
and marking processes; machinery was devised for 
cleaning and polishing the pens ; and experiments 
were made with the different qualities of steel, and 
the various ways of preparing it for use. At last 
Mr. Gillott attained the degree of excellence which 
has become inseparably associated with his name ; and 
the trade ultimately reached the importance, perfec- 
tion, and extent which characterize it at the present 
day. 

Next to Mr. Gillott, perhaps, no one has done more 
to popularize the metallic pen than the well-known 
promoter of the " Perryian System of Education," Mr. 
James Perry. The characteristic of the " Perryian " 
pens was to give to the steel pen the elasticity which 
so closely approximates to the quill pen. Mr. Perry, 
with characteristic energy, almost forced the steel pen 
into use, when there were strong and deep-rooted 
prejudices against it. Commencing the manufacture 
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himself in London, about 1824, Perry patented several 
varieties known as " Perryian Pens." It is stated on 
competent authority, that he used the best Sheffield 
" ribbon " steed, rolled out of wire, for which he paid 
Is. per Ib. ; that he paid as much as 5s. per pen to the 
first person whom he employed to make his pens, and 
for years afterwards the price given to his workmen 
was 3&>-. pur gross. Since the year 1828 Perry was 
supplied with pens of first-class quality by a Birming- 
ham maker ( Josiah Mason) who was content for many 
years to obscure his own name under the mark of 
" Perry and Co." 

There are from twelve to twenty manufacturers of 
steel pens in Birmingham, which is now the head- 
quarters of the trade, some of them comparatively 
small firms ; indeed the larger houses, whose products 
are in repute in nearly every market at homo and 
abroad, may be counted on the fingers of one hand. 
These are Joseph Gillott and Sons; Perry and Co., 
Limited (embracing the late firms of Sir Josiah Mason, 
and A. Somerville and Co.); John Mitchell; William 
Mitchell ; and M. Turner and Co. The varieties of 
pens made by these manufacturers may be numbered 
by thousands, being of every size, shape, and finish. 
In some instances a single manufacturer has two or 
three thousand distinctive " marks " made for different 
buyers, who require their own names or devices im- 
pressed on the pens. 

The steel of which the pens are made is of Sheffield 
manufacture, a large proportion of it being supplied 
by Messrs. Jessop. It is cast steel of the best quality, 
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made from Swedish iron, so as to secure in its gra- 
nular structure peculiar density and compactness. 
These sheets are rolled in Birmingham, and, as a rule, 
on the same premises where they are to be worked up ; 
they measure originally about 4 feet (> inches long by 
18 inches wide, and are afterwards clipped across into 
short lengths from 13 to 4 inches wide. 

These strips arc first of till packed in cast metal 
boxes, and placed in a muffle or furnace, where the 
mass is heated to a white heat. This is called an- 
nealing, a process which fits the metal for further 
treatment on its way to the pen maker. After twelve 
hours of this roasting, the strips are cooled and then 
placed in revolving barrels, whore, by the friction of 
metallic particles, the scales caused by the annealing, 
and the rough edges are removed. The strips are 
next immersed for some hours in a " pickle " composed 
of dilute sulphuric acid, which clears away the scale 
and imparts an even surface to the metal. 

The steel is now ready for the rolling mill. The 
rollers consist of metal cylinders revolving upon each 
other. A man and boy attend at each pair of rolls, 
the first introducing the strip of steel between the 
opposing surfaces, and the boy pulling it out consider- 
ably attenuated. From the first pair of rolls it passes 
through several others, until, having been reduced in 
thickness to about the y-J^th part of an inch, it as- 
sumes the requisite tenuity. Such is the degree of 
pressure employed, that the steel in passing through 
becomes hotter than it is sometimes convenient for 
unpractised bauds to touch. At this stage the strip 
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of steel is precisely the thickness of a pen, is quite 
flexible, and has increased in length from 18 inches to 
4 feet 6 inches. 

The first process of manufacture now begins, and 
before the series of operations have been gone through, 
some fifteen or sixteen distinct processes have to be 
completed. The strip is carried to the cutting-out 
room, where the pen first assumes form and shape. 
Here a number of women and girls are seated at 
benches, cutting out, by the aid of fly-presses, the 
future pen from the ribbon of steel before them. This 
is done with great rapidity, the average product of 
an expert hand being 200 gross, or 28,800 pens per 
day. Two pens are cut out of the width of the steel, 
the broad part to form the tube, if it is to be a barrel 
pen, and the points so cutting into each other, as to 
leave the least possible amount of waste. 

The " blanks " are next taken to be pierced. The 
flat blanks are placed separately on a steel die, 
and, by a half circular action of a lever turning an 
upright screw, a fine tool is pressed upon the steel, 
and forms the delicate centre perforation and the side 
slits which give flexibility to the pen. All this time 
the metal is in its natural state of elasticity. It is 
necessary, however, that it should be rendered softer, 
and for this purpose the pens are again placed in the 
muffle to be further annealed. 

Then comes the marking. On each side and down 
the middle of the room, a number of young women are 
seated at work, each of whom, while using her hands 
to properly adjust the pen and hold it in its place, 
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moves by the action of the foot a lover actuated by 
treadle and wheel, and this marks the pen. When 
it leaves the hand of the operator, the back of the pen 
is stamped with the name of a retail dealer at home or 
abroad, a national emblem, an heraldic device, or the 
representation of some notability, foreign or domestic, 
according to the fashion of the day. The rapidity of 
this process is nearly equal to that of cutting out tho 
blanks, each workwoman marking many thousands of 
pens in a day. 

Up to this time the pen is flat. It has next to bo 
" raised " into the half-cylindrical form in which we see 
the finished pen. Tho flat pen is placed in a groove, 
and a convex tool made to descend upon it, forcing it 
into the groove, by means of which it is bent into 
the required shape. 

As a rule, the value of the pen depends very much 
upon the perfection of the slit. Those who can re- 
member the difficulty experienced in getting a perfect 
slit in a quill pen, can understand how much less easy 
it is to prevent the gaping of a metallic substance. 
The first preparatory process, after the pens leave the 
raising room, is to return them once more to the 
muffle, into which they are introduced in small iron 
boxes with lids, and heated to a white heat. They 
are then drawn out and suddenly plunged into a large 
tank of oil, where, by the chemical action of the liquid 
on the steel, the pens attain a degree of brittleness 
that makes them crumble to pieces when pressed 
between the fingers. Tho oil adhering to the metal 
is subsequently removed by agitation in circular barrels 
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made of tin. The brittlcness has next to bo corrected 
by a process of tempering. This is done by placing 
the pens in a cylindrical vessel, open at one end, 
and turned over a fire, somewhat like a domestic coffee 
roaster. The action of the heat gradually changes the 
colour of the pens, first from a dull grey to a pale 
straw colour, next to a brown or bronze, and then to 
blue the latter betokening the highest degree of 
elasticity. 

The pens are still rough, being covered more or less 
with small metallic particles. To remove this roughness 
they are placed in large tin cans, with sand, pounded 
crucible, or some similar substance. These cans are 
made to revolve by steam power, until, by rubbing 
against each other, the pens are cleared from roughness, 
and are brightened to the colour of polished steel. 

Another sot of processes now begins those of grind- 
ing and slitting, also performed by young women. 
The nib is ground by picking up each pen with a pair 
of pliers, and applying it with a single touch to a 
rapidly-revolving wheel coated with emery, first length- 
wise and then across the nib. This does for the pen 
the same service that the scraping of a quill with the 
penknife would do in the case of a quill pen, i. e. 
weakening certain parts to ensure uniform elasticity. 

Next comes the slitting, which is done with the 
press. In these presses the descending screw has an 
exactly corresponding chisel cutter, which passes down 
with precise accuracy, by which movement the slit is 
made and the pen is completed. 

There is yet something more to be done before the 
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manufactured goods arc ready for the warehouse viz., 
the colouring the pens brown or blue. This is effected 
by placing them in a inetal cylinder, which is revolved 
over a charcoal stove at a proper boat, and removing 
them the instant the desired tint is imparted. Bril- 
liancy of surface is then given by immersing the pens 
in a solution of shell-lac dissolved in naphtha, and after 
drying, they are ready to go to the hands of the work- 
women, whose duty it is to examine the work, throw out 
the pens which are defective, and count the remainder 
ready for the packers. 

The presses, tools, and other appliances required in 
the pen trade arc numerous and varied. In all well- 
regulated establishments, all these tools are made and 
repaired by special workmen on the premises. 

On reaching the warehouse, the pens are packed in 
neat little boxes, each containing one gross. These 
boxes are usually made in another part of the manu- 
factory, by a very simple but ingenious process. Suc- 
cessive layers of paper are pasted on to an oblong block 
of wood, and when the proper thickness is obtained, 
the outside ornamental layer having been added, the 
block is pressed on each of its sides with a sliding 
movement against a cutter of exactly the depth of the 
paper material, which is thus divided into box and lid, 
and the imprisoned mould set free. A glazed paper 
lining for the sides, made in a similar way, and exactly 
fitting the interior, is slipped into the box, forming a 
shoulder for the lid, and it is then finished. 

Pen-sticks or pen-holders are made by steam power, 
actuating a number of machines constructed for the 



162 BRITISH MANUFACTURING INDUSTRIES. 

purpose. Most of tlio large manufacturers of steel 
pens make their own pen-holders ; others, in a smaller 
way, buy them ready made. The trees or logs of cedar, 
or other suitable wood, having been sawn into boards, 
and again slit into thin square lengths, the rounding 
is managed by a machine in which a tube receives 
the end of each length, which, as it is drawn through 
to the other side, is subject to the paring of a couple 
of revolving blades. After this the material falls out 
at the other end perfectly cylindrical, although rather 
rough. The roughness is obviated by another similar 
machine, and a bundle of the long rods is then carried 
to a large mahogany slab, through a slit in which is 
seen about a third part of the disc of a circular saw. 
The rods are laid flat upon the table, and brought 
against a gauge which regulates the length ; they are 
then pushed towards the saw and cut into sticks, a 
dozen or so at a time. These plain sticks have yet 
to receive the spiral pattern so much in vogue, to have 
the end which receives the holder reduced in size, and 
the other end rounded. These operations, when 
applied to the commoner descriptions of pen-holders, are 
not effected by cutting, but by pressing; and one machine 
suffices for the purpose. They are placed, about fifty 
at a time, in a receiver, and disappear one by one into 
a lower chamber, where the work is completed by dies, 
after which the sticks make their appearance in rapid 
succession through a tube, and fall into a box beneath. 
They are afterwards polished and varnished. The 
metal ends for the reception of the pen nibs are put on 
by hand. 
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Gold pens arc extensively made in Birmingham, and 
as they resist the corrosive action of the ink, they are 
exceedingly durable ; their durability is also greatly in- 
creased by the ingenious process of soldering on to the 
points of the nib minute particles of iridiuin, which, 
from their extreme hardness, resist wear for many 
years. Pens are also made in silver, zinc, amalgamated 
alloys, incorrodible platina, &c. Mr. W. E. Wiley, of 
the Albert Works, is the largest maker of gold pens in 
Birmingham. When the business of gold pen making 
was introduced as a local industry by Mr. Wiley thirty 
years ago, the retail price of such pons was a guinea 
each. The first of Wiley's gold pens were retailed at 
bs. each, and now enormous quantities of gold pens are 
sold as low as a shilling each. This is owing to thr 
adoption of improved machinery and appliances in 
the manufacture. At the time when gold pens were 
first produced by Messrs. Mordan, of London, and for 
many years afterwards, the usiuil method of slitting 
the pens was with the aid of diamond dust a very 
costly process, since its uncertainty, by occasionally 
cutting wide gaps in the pens, caused no little waste 
of material. To remedy this, Wiley introduced a 
system of cutting the slit by moans of emery on re- 
volving copper cutters, which has been practised ever 
since. This so cheapened the production, at* to enable 
a good quality gold pen to be sold retail at 5., for 
which a guinea was formerly demanded. 

The same firm afterwards introduced a German 
silver, or white metal pen, known as the " Perryian Rod 
Ink Pen, 1 ' which still has an enormous sole. At these 

M 2 
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works Messrs. Wiley make pen and pencil cases in gold, 
silver, aluminium, gold, ivory, and vulcanite, in all pat- 
terns, shapes, and sizes, and varying in price, from half- 
a-crown a gross for common articles, up to the most 
ornato and costly that can be imagined. Some ten or 
dozen years ago the proprietor commenced the employ- 
ment of female labour in his works, arid with so much 
success that he has now upwards of three hundred girls 
trained to the work of making pencil-cases. The ma- 
chinery has boon specially adapted to this new order of 
things, and as the~peucil-cases are all produced here 
on the interchangeable principle, the facilities of pro- 
duction are enormously increased. That these means 
to an end have solved a difficult problem, may be gleaned 
from the fact, that the weekly output of finished work 
at this establishment exceeds the possible production 
of all the pencil-case makers in the kingdom under 
the former system. Messrs. Wiley's works are now 
carried on by Messrs. Perry and Co., Limited, with 
Mr. Wiley as managing director. 
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PAPIER MACHK (French, signifying mashed or pulp 
paper), as a special brunch of manufacturing industry, 
has been known in Europe for upwards of a century. 
Its use was probably first suggested by some of the beau- 
tiful productions of Scinde and other parts of India, 
where it is largely employed in the fabrication of boxes, 
trays, and such-like articles of domestic employment, as 
well as in China and Japan. In France its value was 
practically recognized at an early period, and the secret 
of its manufacture was subsequently imparted by a 
French workman named Lefevre to one Martin, a Ger- 
man varnish maker, who attained considerable fame as 
the first maker of papier niiiche snuff-boxes, which, 
under the name of "Martin's," became popular all over 
Europe. The importation of papier inaehe goods from 
France into Prussia was at one time HO extensive that 
Frederick II. conceived and carried out, in 17G5, 
the idea of establishing a manufactory in Berlin. The 
trade soon extended from the Prussian capital into 
several other German States, in all of which it was 
successfully practised, though it must be acknow- 
ledged that the articles produced in papier mache at 
this period were of the simplest and rudest description 
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Papier nmchc was originally introduced into England 
an a material for making trays, with a view to enable 
our manufacturers to compete with the productions then 
largely imported from Japan. I believe that the real 
Japanese trays are made of wood, which possesses the 
very desirable quality of not being liable to warp; 
the best trays arc 1 covered with a peculiar kind of 
canvas, to which a coating of varnish is applied. The 
varnish employed is prepared from the simple juice of 
a certain tree indigenous to the country, and it is said 
that the heat of the sun is sufficient to dry it. 

The Japanese method of manufacturing trays, how- 
ever, like most of the native industries of the East, 
is shrouded in mystery, and as yet the " outer bar- 
barians " resident in other parts of the world know but 
very little about it. 

About the middle of the last century, Mr. Henry 
Clay, who was formerly an apprentice to the celebrated 
John Baskerville, of Birmingham, conceived the idea, 
that if sheets of paper were carefully pasted together 
upon a mould, either of metal or wood, an article 
might be produced which would successfully compete 
w r ith Japanese work. Clay made experiments in this 
direction, which emboldened him in 1772 to take out 
a patent for lt making in paper, high- varnished panels 
or roofs for coaches and all sorts of wheel carriages 
and sedan chairs, panels for rooms, doors, and cabins 
of ships, cabinets, bookcases, screens, chimneypieces, 
tables, tea-trays, waiters," &c. A contemporary record 
of the period says : " These articles are heightened 
with an elegance of decoration, which for design and 



r API nit MAC IM:. 167 

execution arc wholly unequalled." The inventor of the 
new material claimed that it could bo sawn, planed or 
turned like wood, and that after being japanned, it could 
bo brought up to the highest polish by friction with 
the human hand. Some of the articles manufactured by 
Mr. Clay are in use at the present time, and they fully 
bear out the character for durability which he claimed 
for his material. The result of Clay's discovery was 
a princely fortune for the inventor, and from his 
enterprise the papier irmehe trade in England may bo 
said to have originated. 

There are several varieties of papier nutehe known 
to the trade, each differing from the other in quality, 
materials, and mode of manufacture, according to the 
purposes for which the manufactured substance is re- 
quired. These may be classified, as follows: 

1. Sheets of paper pasted together over variously 
shaped cores or moulds of metal, according to Clay's 
invention. 

2. Thick sheets or boards, produced by pressing 
ordinary paper pulp between dies. 

3. Fibrous slab, which is made of the coarse varie- 
ties of fibre only, mixed with some earthy matter, and 
certain chemical agents introduced for the purpose of 
rendering the mass incombustible ; a cementing size 
is added, and the whole well kneaded together with 
the aid of steam. The mass is passed repeatedly 
through iron rollers, which operation serves to squeeze 
it out to a perfectly uniform thickness, and the sub- 
stance is then dried at a proper temperature. 

4. Carton Pierre. This, although often confounded 
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with papier macho, is quite a different article. In its 
composition carton pierre more nearly resembles plaster 
than papier rnache, and, although stronger, is much 
heavier. It is made of pulp paper mixed with whiting 
and glue, pressed into plaster piece moulds, backed 
with paper, and, when sufficiently set, hardened by 
drying in a hot room. 

5. Ceramic Papier Macltc (Martin's patent), a modern 
composition, which consists of paper pulp, resin, glue, 
drying oil, and sugar of lead, mixed in certain pro- 
portions, and kneaded together. This composition 
is extremely plastic, and may be worked, pressed, or 
moulded into any required form. The last-named 
material has been largely utilized in the production 
of cornices, capitals, plasters, and mouldings for archi- 
tectural decoration, &c. 

A patent non-conducting papier mtiche for covering 
steam boilers, steam coppers, pipes, &e. ? has lately been 
introduced with success by Mr. M. Keenan, of London. 
This article is of great practical value to engineers, 
since it adheres to vessels of every shape and in every 
position without any external casings ; and it not only 
prevents the radiation of heat and condensation of 
steam, but effects a large saving in fuel and labour. 

On the expiration of Clay's patent, other manu- 
facturers took up the trade, and, in addition to the pro- 
duction of finished articles of use and ornament, 
commenced the manufacture of papier inache tray 
blanks, which they supplied to the japanners, who 
converted them by the ordinary process of ornamen- 
tation into finished goods. From one of these nianu- 
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facturing firms sprang the justly celebrated house of 
Jeimens and Bctteridge. Sixty years ago, whou 
Messrs. Jennens and Co. conimcncod business in 
Birmingham, they were sharp -sighted enough to 
discover how valuable this material would bo for the 
production of furniture, desks, inkstands, writing folios, 
workboxes, and a variety of other fancy articles ; and, 
carrying out this idea, aided by the best artistic talent 
in the trade, so far as regards ornamentation, this firm 
was enabled for many years to place in the market a 
constant succession of papier muehe wares of the most 
exquisite form and finish. 

Birmingham was not alone in this department of 
manufacturing enterprise. The manufacture of papier 
ma die was introduced very early in the present century 
into Wolverhampton, iirst of all at the Old Hall, by 
the firm of Itytnn and Walton, and was developed 
by them into a large ami important branch of trade, 
especially in trays of different shapes, waiters, and 
bread-baskets. 

The mode of manufacturing the " blanks " may be 
briefly described as follows: 

In the manufacture of real (i. c., pasted) papier muche 
trays, the paper employed in of the very best arid most 
expensive description, specially mixed and specially 
made for that trade alone. It is of a grey sjKHigy 
texture, and is chiefly obtained from Farnworth Mills, 
Lancashire. 

The moulds used were formerly of wood ; they are 
now generally made of eopj>er or tinned iron. The 
sheets of paper intended to make the trays are well 
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soaked in a very strong paste made of superfine flour 
and best glue ; four thicknesses of paper, thoroughly 
saturated with this paste, are put loosely together ; 
they are then plaeed upon the mould, which has hceii 
previously well greased with Russian tallow, and 
worked into shape with the fingers of the operator. 
The extra paste is skilfully exuded at the edges by 
means of a small trowel, so as to leave no interstices 
by which air bubbles could form between the different 
layers. The mould with the thicknesses of paper upon 
it is then placed in a stove, heated to about 120 , to 
dry ; and when the moisture is completely driven off, 
the mass is again subjected to the same process, which 
is repeated on each successive layer, until the required 
thickness is produced. 

The next operation is to clip these tray blanks in a 
composition, the nature of which varies in different 
establishments, and this process has the effect of solidi- 
fying and hardening the material. The blanks arc 
next dried in a hot stove ; they arc then taken to the 
making-up shop, and are planed and filed, until the 
surface is perfectly flat and the edges made perfectly 
true. The tray blank is now finally shaped, ready for 
the black stove, an operation with which everybody is 
doubtless familiar. 

The exquisitely smooth surface of papier mache is 
duo to the fact, that the several coats of varnish are 
rubbed down with pumice stone, much in the same 
way as the outer surface of a coach-body is treated by 
the coachmaker. When the black stoving is com- 
pleted, the trays are polished by hand, women labour 
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being exclusively employed for the purpose; and at this 
ptagc the blank is ready to pass into the hands of the 
decorative artist, to receive the pattern or design which 
it is intended to bear. 

In the ornamentation of papier m/ichc goods, both in 
Birmingham Jind Wolverhampton, the practice is to 
employ the highest available talent. T know several 
gentlemen of high position as artists, obtaining almost 
fabulous sums for their paintings, who owe their intro- 
duction to fume, and more than that, their rapidity of 
execution at the easel as important to the japanner as 
the painter to the systematic training and instruction 
which they obtained, while practically employed as work- 
men in the japan shops of Birmingham and its neighbour 
town. Bird, who rose to be a Itoyal Academician, was 
originally a workman at the Old Hall, Wolverhampton, 
and specimens of his very curliest attempts at painting 
are now in the possession of Mr. Frederick Walton, 
the present proprietor of the works, in which the manu- 
facture of high-class papier macho goods is still carried 
on. 

For many years, domestic articles manufactured from 
papier mache were admitted to vie in excellence and 
beauty of design with those produced 'in any branch of 
the ceramic art. But unfortunately the trade, espe- 
cially as regards " fancy " articles, fell into the hands 
of retailers, who thought more of buying cheap and 
showy goods, than in selling a class of products, which 
would have been a credit to them as salesmen, and a 
source of satisfaction to those who purchased them. 
The greatest blow to the trade, however, was the in- 
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troduction of a very cheap material, made from scrap- 
paper of the commonest kind and of every description. 
These " paper " articles were made, in fact, of pulp, 
under heavy pressure, and although they could he pro- 
duced in large quantities, at very little cost, they were 
found to he totally unworthy of the name of papier 
mache. 

The decorative processes employed upon papier 
mache ware have been the subject of numerous 
patented inventions, a large proportion of which have 
been abandoned or superseded by others of a more 
practical or more remunerative character. The more 
artistic of these new styles of ornamentation were 
applied almost exclusively to the best work. In 1825 
Jennens and Betteridge took out a patent for a process 
of "inlaying" pearl shell on papier macliO, the inven- 
tion of one of their workmen named Souter. This 
ornamentation was very effective when applied to trays, 
hand-screens, workboxes, card -racks, &e. The pearl 
ornaments were made from thin lamina; of shell, from 
one-hundreth to one- fortieth part of an inch in thick- 
ness; a patch of pearl was stuck with varnish to the 
article about to be ornamented, the design being pen- 
cilled on the pearl with a " stop-out " varnish, permit- 
ting the parts of the pearl not so protected to be eaten 
away by the application of nitric acid. The various 
patches of pearl being so treated, the surface of the 
article was blacked all over, and the superfluous varnish 
afterwards removed with pumice-stone and the orna- 
ments displayed. The object was then polished with 
rotten-stone, and thus fitted to receive the additional 
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gold or other enrichment. The beauty of this stylo of 
ornamentation was shown to great advantage in birds, 
sprigs, and other designs scattered over the surface of 
the article, which was treated entirely without colour, 
and was at once chaste, neat, and durable. 

In 1832 another style of ornamentation was intro- 
duced by the same firm. This was originated by 
Edwin Haseler, who, having just completed his ap- 
prenticeship with Jennens and IJotteridge, then began 
his career as a workman with an improved style of 
flower painting. Up to that period the flowers intro- 
duced upon papier nmchu were not imitations of nature, 
but a sort of Chinese impusto ornament. Natural 
flowers were now painted upon the centre of the article, 
to which was given a border of light ornamental gold- 
work, at once chaste and beautiful. This was re- 
garded by the trade as a bold step, but it seemed to 
hit the public taste, and the patterns put into the 
market continued to sell freely for nearly thirty 
years. 

The desire to produce something new, induced Mr. 
Farmer, of Birmingham, in 1844, to associate electro- 
deposit medallions with papier rnache in salvers, card- 
baskets, portfolios, &c. ; and a year or two later a new 
style of pearl-shell decoration behind glass was intro- 
duced by Mr. Joseph Gibson. In 1845 a new and plea- 
sing style of ornamentation of papier mache articles was 
adopted at the Old Hall Works previously mentioned, 
and had a marvellous run for a number of years. This 
was the selection of interior and exterior views of the 
old baronial halls of England, and the various cathe- 
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drals. Those subjects were produced principally in 
bronze, finished in gold and colours, the figures being 
delicately painted in oil. In this series, by the imita- 
tion of stained glass windows of cathedrals, &c., the 
effects produced were remarkably good. These effects 
were obtained by the judicious use of transparent 
colours upon pure gold and silver. Landscapes, too, 
were admirably rendered in the same material, the skies 
in particular being singularly effective and natural. 

Each and all these new methods of decoration in- 
volved more or less the employment of hand labour. 
Other inventors, however, were soon ready with methods 
for the multiplication, almost indefinitely, of various 
styles of ornamentation by mechanical means. In 
1852 Mr. Haseler, of Wolverhampton, patented what 
was called " the negative process, for producing orna- 
mentation in burnished gold upon japanned or other 
bright surfaces." By this means a full finish was im- 
parted to the ornament. The pattern was produced 
from an impression taken off on previously prepared 
thin paper, from a lithographic stone or copperplate 
properly designated a negative design i.e., the sur- 
roundings of the ornaments (the parts that are not 
required to bo in gold) only being transferred. After 
the negative was transferred to the surface of the object, 
it was covered all over with leaf gold, the size being com- 
posed chiefly of isinglass and water, and when dry the 
whole surface was rubbed over with spirits of turpentine, 
which dissolved the u stop " underneath the gold, leav- 
ing the parts which the transfer had not touched, sharp, 
clear, and perfectly finished. This process was worked 



PAPIER MAC/1J-J. '175 

satisfactorily for some years by 0110 of the loading 
houses in Wolverhamptoii. Mr. C. Breose's invention 
patented about the same time, was so far dissimilar, as 
to be absolutely the reverse of the Ifaseler patent, 
Breesc first gilded the surface- to be ornamented, arid upon 
that surface transferred the ornament which he wished 
to appear, taking the superfluous gold off first with 
water, then removing the transfer " stop " with spirits 
of turpentine. IlaselerV invention was doubtless the 
more simple, because, in his process there was only one 
clearing oil' the one application of turpentine taking 
away both the gold and the " stop ; " with the Breese 
process, water was requisite to take away the gold, and 
turpentine to clear away the "stop." Broesr's patent 
was applied almost exclusively to glass and porcelain 
surfaces. 

Shortly after the introduction of the cheaper kind 
of material already described as jmfy, a morbid taste; 
arose in the Birmingham japan trade for placing great 
blotches of pearl upon articles mtide of pulp, and 
finishing them in the gaudiest of colours. Nothing in 
worse taste could possibly l>e conceived. Certain 
manufacturers finding it more profitable, for the 
moment, turned their attention to and encouraged 
the production of their meretricious decoration, to the 
neglect of better and more carefully studied work ; and 
}>earl landscapes, pearl ruins, and pearl flowers and 
fruit seemed destined to supersede the admirable 
artistic productions of such men as Hascler, McCallum, 
Stanier, and others of a like calibre. Under these cir- 
cumstances, some twenty years ago, trained workmen 
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had the painful alternative cither to pander to a de- 
praved and vulgar taste or leave the trade. The former 
course was pursued by some of the artisans, while 
others honourably and profitably turned their attention 
to other more genial occupations. 

But while this tendency to over-elaboration of 
ornament, fostered principally by the production of 
goods for the United States and other foreign markets, 
was undermining the trade, there were other mis- 
chievous influences at work in the same direction. The 
public had been taught to believe that in purchasing 
papier mache or pulp wares for the two totally dis- 
tinct fabrics are still ignorantly supposed to be one 
and the same the quantity of material was the test of 
value, and they naturally asked for more pearl and 
more gold. To enable the manufacturers to comply 
with this demand, the extra cost of material had to 
be met by a reduction in the price of the workman's 
labour, and further disregard for the quality of the 
work, so that eventually children came to be employed 
very largely as ornamenters. 

For these reasons the trade in real papier mache 
was long in a declining state. It is now in a more 
hopeful condition. Within the last two years a fresh 
demand for the best description of papier mach6 has 
sprung up, and still continues. At length purchasers 
refuse to invest their money in elaborate examples 
produced in a depraved taste and vicious style, regard- 
less of the material of which they are made and the 
purpose for which they are intended. This wholesome 
change is much appreciated by the better class of 
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manufacturers, and is fostered and encouraged by them 
with most beneficial results. The firm of Jeuncns and 
Bettoridge no longer exists, but another leading Bir- 
mingham house that of McCallurn and Hudson 
successfully imitates those worthy pioneers of high 
art in the better stylo and ornamentation of this class 
of ware. 

The old showy, gaudy, unnatural stylo of flower 
decoration will now only sell, at most unremunorative 
prices, among the lower classes of society in Europe, and 
among the uncivilized masses in other countries. The 
styles now in vogue are chaste and decided in char- 
acter, such as the Grecian, or Etruscan, or Persian ; or 
if pearl inlaid, very neat narrow pearl lines and orna- 
ments. A good demand for best finished goods is now 
springing up, and the trade is in a more healthy and 
thriving condition than it has been for many years. 
Artistic, really clever men, who can produce novelties 
and well-executed designs, are at a premium, and can 
obtain very high wages. 

Oddly enough, papier mache trays of the forms and 
shapes that were popular half a century ago, are in 
renewed demand at the present day, and stranger still, 
the ornamentation on these trays has once more re- 
verted to the old Japanese style of enrichment, in 
which Booth, the artist (the father of John Wilkes 
Booth), who worked as a japanner at the Old Hall, was 
never excelled. 

The number of workpeople employed in this trade 
in Wolverhampton is about 600, chiefly in the decora- 
tive, polishing, and finishing branches. A few chairs, 
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cabinets, and pianos arc made in London ; but the 
great seat of the trade is Birmingham. The papier 
maehe manufacturers in the latter place are not more 
than twelve, some of them very small employers of 
labour; the number of hands is probably 750, com- 
prising men, women, and boys, the latter as apprentices 
in learning the art of painting or gold ornamentation, 
women in the stoving and polishing, and men in cabinet 
making and decorating, and lining with silk velvet, &c. 
Papier macho ornamentation, as applied to archi- 
tectural designs and enrichments, received a consider- 
able impetus from the patented inventions of Mr. 
Bielefeld, now carried on by the London Papier Mache 
Company, Limited, at their steam mills, Staines, 
Middlesex. Builders and architectural decorators 
have not been slow to avail themselves of the adapta- 
tion of papier macho to the purposes of decoration, 
since it is found to add so much to the finish and 
market value of houses and public buildings. The 
variety of purposes to which this class of papier mache 
can be advantageously applied is almost innumer- 
able. For example, it is expressly made for bosses, 
brackets, canopies, cantilevers, capitals of columns and 
pilasters, caryatides, ceilings, ceiling flowers, chimera, 
chimney-pieces, consoles, corbels, cornices, enrich- 
ments, festoons, finials, flowers, frames, friezes, fur- 
niture, leaves (from nature), mouldings, organ cases, 
panels (Gothic), paterae, pendants, picture frames, 
pinnacles, royal arms (various), rosettes, screens, 
scrolls, sculpture (copied), tables, termini, tracery, 
trusses, ventilators, window cornices, &c. The leading 
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articles in this category are the centre flowers for 
ceilings ; these are, in common with corresponding 
fittings, from designs by high-class artists, architects, 
and sculptors, and all are characterized hy sharpness 
of outline, deep undercuttings, and a consequent rich- 
ness of effect entirely unknown in plaster, and not 
unfrequently equal to the highest order of carving and 
sculpture. 

No other material is so eminently adapted for these 
purposes as papier mache. It is found to combine the 
qualities of slight pliability with lightness and extreme 
hardness; it is tough, durable, and economical, and 
without tendency to chip, warp, shrink, or fracture ; 
and it may be steamed to almost any shape or curve- 
The forms into which it is manufactured possess all 
the characteristics of the finest wood carving, with 
remarkable force and boldness of relief, while, being 
devoid of the grain of the wood, it is not liable to split 
or sustain injury. 

The processes of manufacture, as carried on at the 
Company's mills, are very simple. The material 
used is the best brown paper (old) for the strong or 
back stuff, and the best white for the facing material, 
which is put on at a second pressing. The paper and 
ingredients are placed in a mixer, and thoroughly well 
churned up, and afterwards rolled out in sheets, which 
are placed in metal dies and pressed, either by screw 
or hydraulic power ; the ornaments are then dried ill 
a hot room, and afterwards trimmed. The larger 
ornaments, centre flowers, &c., are of course pressed in 
parts and afterwards joined up by " mounters." This 
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pressing involves the use of some 50 tons of dies, chiefly 
of brass and typo metal, prepared at a cost of 30,000?., 
and a great many tons of large plaster moulds. The 
mixing, rolling, wood-cutting, and other machinery are 
driven by steam power ; the drawing and modelling, 
requiring a high class of skilled labour, are done on 
the premises ; and there is a separate foundry shop 
for the preparation of the dies, which require careful 
chasing up before being used. The subsequent gilding* 
colouring, bronzing, &c., of the work is done in a 
separate department. It is marvellous how readily 
papier muche can, without " stopping " or preparation, 
be gilded, silvered, painted, or bronzed. The art of 
bronzing upon this substance has been brought to 
very great perfection, and is applied here with such 
success to bas-reliefs, brackets, figures, &c., that the 
difference between the metal and the bronze papier 
mache is very difficult to detect, and almost impossible 
to define. Majolica is also imitated with even greater 
success, the special treatment bringing up the grada- 
tions in shade and colour so faithfully as to defy de- 
tection. Ornaments prepared in this way may be 
washed and cleaned without detriment to the fabric. 



LONDON: PRINTED BY EDWARD STANFORD, 55, CHARING CROSS, 



OCTOIIKR, 1876. 
SELECTED LIST 

OP 

EDWARD STANFORD'S PUBLICATIONS, 

55, CHAKING CROSS, LONDON. 



ADDERLEY. COLONIAL POLICY and IIISTOIIY-TWVIKW of "The 
COLONIAL 1'OLH'Y OK LORD ,1. IJUSSKLI/S ADMINISTRATION, BY 
EARL 1,'IIKY, I KB::," and ol SIMWK^UKXT COLONIAL HISTORY. Jiy the 
Right Ilou. Sir C. It. AUDI.KLKY, K.U.M.N., M.P. Dcniy HVO, doth, to. 

ANSTIE. Till] COAL FIELDS OK IjLOllCKSTKUSJIIRK ANDSOMERSKT- 
8FIIKK, AND THEIR KESOl'RCKS. Hy JOHN AKSTIK, IU.. K.G.S., Ass. 
Trist. Civil Knginwrs, &c. With Tallies and Sections. Imperial vo, cloth, s. 

ANTHROPOLOGICAL NOTES and QUERIES. For tho Use of 
TravHlers and Residents in Uncivili/cd Luiidh. Druwii up by a Committee 
appointed by the Hritisli Ahsocutioa lur the Advancement of Science. Fcap. 
8vo, cloth, leather buck, 5.s. 

BABFF. EI'EMKXTAUY CIIKMISTKY. .v K. S. HARIF, W.A., Christ's 
(Jollefce, Cmnbridfjt' ; Professor ot Chemistry at the Uoyul Academy of Arts. 
With Illustrations. Fcap. vo, cloth, Is. (id. 

BEVAN.-TOIJIUSTS' <JIT]|K TO THE COUNTY OK KKNT. By (i. 
PmLLirs BKVAN, F.<j.S. With Map and Two 1'laim. Faip. 8vo, limp cloth, 2*. 

BELLAMY.-TABLKS FOIl TIIR USK OF KN(!IXKKI!S AND ARCHI- 
TECTS in Takiimontt^UANTITIKS of MASONRY, IRONWORK, &c. Jiy 
C. J. UKLLAMY, C.E. R<jyal HVO, cl<Jth, !S.t. 

BOWRING.-The DECIMAL KYSI'KM, in NUMBERS, COINS, and 
ACCOUNTS. Hy the late Sir JOHN UOWKUW, LLD. .Illustrated with 220 
Engravings of Coins, Ancient and Modern. Post HVO, cloth, 4s. 

BRAZILIAN COLONIZATION, fiom an EUROPEAN POINT of 
VIEW. By JiCAiih Awu. l)eiuy vo, cloth, 2i. Orf, 

OOOTE. THREE MONTJ1S in the Al EmTERRANEAN. Uy WALTER COOTE. 
Crown Svo, cloth, 6s. 

CRACROFT'S INVESTMENT TRACTS.-AMEKICAN RAIN 
WAYS AS INVESTMENTS. By KOHKRT GIFKEN. Dedicated to the 
Members of the Lundun Slock Exchange. Fourth Edition. Is. 

- THE TRUSTEES' GUIDE: A SYNOPSIS of the Ordinary Powers of 
Trustws in regard to Investmonts, with Practical Directions and Tables of 
Securities. By BEUNABIJ CUACUOFT. Twelfth Edition, enlarged. Fcap, 4 to, 
clotb, 7s. 6cZ. 

- INVESTORS' AND SOLICITORS' MEMORANDUM BOOK. Third 
Edition. 5s. 



Edward Stanford, 55, Charing Gross, London. 



SELECTED LIST. 



DUN. BRITISH BANKING STATISTICS; with Remarks on the Bullion 
Reserve and N on- Legal -Tender Note Circulation of the United Kingdom. By 
JOHN DUN, General Manager of Parr's Banking Company, Limited. Demy 
8vo, r>s. 

DE RICCL FIJI : Our New Province in the South Seas. By J. II. DK Riccr, 
F.R.G.S., H.M.'s Attorney-General for Fiji; Author of 'How about Fiji?' 
With two Maps. Large post Kvo, cloth, 9s. 

DREW. -THE JUMMOO AND KASHMIR TERRITORIES. A Geogra- 
phical Account. By FRKDKRIO DIIKW, F.R.G.S., F.G.S., Associate of the 
Royal School of Mines; lute of the Maharaja of Kashmir's Service. Illustrated 
by Six Folding Coloured Maps, numerous Plates and Folding Sections. 
Medium 8vo, cloth, 42s. 

ED WARDS. -THE GERMANS IN FRANCE. Notes on the Method and 
Conduct of the Invasion; the Relations between Invaders and Invaded; and 
the Modern Usages of War. By H. SUTHERLAND EDWARDS. Post 8vo, cloth, 
10s. Qd. 
ELEMENTARY ATLASES :- 

ELEMENTARY PHYSICAL ATLAS, intended chiefly for Map-Drawing, and 
the study of the Great, Physical Features arid Relief Contours of the Con- 
tinent, with an Introduction to serve as a Guide for both purposes. By the 
Rev. J. P, FAUNTHOKFE, M.A., F.R.G.S., Principal of Whitelands Training 
College. Seventh Edition, Itl Maps, printed in Colour, with descriptive 
Letterpress. Price 4s. 

OUTLINE ATLAS. Containing Sixteen Maps, intended chiefly for use with 
the 'Elementary Physical Atlas.' By the Rev. J. P. FAFNTHOIU-E, M.A., 
F.R.G.S., Principal of Whitelands Training College. Coloured Wrapper, Is. 
PROJECTION ATLAS. Containing Sixteen Plates of Projections, intended 
chiefly for us? with the ' Physical Atlas.' By the Rev. .1. I*. FAUNTHORPE, 
M.A., F.R.G.S., Principal 'of Whitdands Training College. Coloured 
Wrapper, Is. 

BLANK SHEETS for MAPS. Sixteen leaves of Blank Paper for Map-Drawing. 
Intended chiefly for use with the ' Elementary Physical Atlas.' By the Rev. 
J. P. FAUNTiionrK, M.A., F.R.G.S., Principal of Whitelands Training Col- 
lege. Coloured Wrapper, 6J. 

PHYSICAL ATLAS. A Series of Twelve Maps for Map-Drawing and 
Examination. By CHARLES BIRD, B. A., F.R.A.S., Science Master in the 
Bradford Grammar School. Royal 4to, stiff boards, cloth back, 4s, 6d, 
EVILL. A WINTER JOURNEY to HOME and BACK. With Glances at 
Strasburg, Milan, Florence, Naples, Pompeii, and Venice. Third Edition, with 
Map and Appendix. Crown 8vo, cloth, 4s. 6d. 

FOSTER. -MANUAL of GEOGRAPHICAL PRONUNCIATION and ETY- 
MOLOGY. By A. F. FOSTER, A.M., Author of 'A General Treatise on 
Geography,' &c. Ninth Edition. Fcap. 12mo, limp cloth, 2s. 
G-AWLER. S1KH1M: With Hints on Mountain and Jungle Warfare. By 
Colonel J. C. GAWLER, F.R.G.S., late Deputy Adjutant-General in India. With" ; 
Map and Illustrations. Demy 8vo, paper, 3s. ; cloth, 3s. 6d. 
GILL. CHEMISTRY for SCHOOLS : an Introduction to the Practical Study of 
Chemistry. By C. HAITOHTON GILL, late Assistant Examiner in Chemistry at 
the University of London. Third Edition. One Hundred Illustrations. Crown 
8vo, cloth, 4s. 6d. 

Edward Stanford, 55, Charing Cross, London, 



BOOKS. 



GEEEN". -VESTIGES of the MOLTEN GLOBE, as Exhibited in the Figure of 
the Earth, Volcanic Action, and Physiography. Hy WILLIAM LOWTIHAN 
GitKEN, Minister of Foreign Affairs to the King of the Sandwich Islands. Demy 
vo, cloth, Us. 

EOLDSWQRTH, DEEP-SEA FISHING and FISHING HO ATS. An 
Account oi'thr Practical Working of the various Fisheries carried on around the 
British Islands. With Illustrations and Descriptions of the Fishing ISoats, Not*, 
and other gear In use; and Notices of the Principal Hshing Stations in (he- 
Uinted Kingdom. By EDMUND W. H. HOLDSWOKTII, F.L.S., F./.S., &c., late 
Secretary to the Royal Sea Fisheries Commission. Mednnn Wo, cloth, 21*. 

HULL. COAL FIELDS of GREAT BRITAIN ; their History, Structure, and 
Resources; with Notices oi the Coal Fields of other parts of the World. Hy 
EDWARD HI;LL, M.A., F.R.S., Director of the Geological Survey of Ireland, 
Professor of Geology in tun Royal College of Science, Dublin, &c. With Maps 
and illustrations. Third Edition, revised utul enlaiged. Demy 8vo, cloth, lo\v. 

JENKINSON.-PRACnCAL GUIDE to the ENGLISH LAKE DISTRICT. 
With Nine Maps and Three Panoramic Views. With Chapters on Local NuineH 
Meteorology, Geology, and IJotany. Filth Edition. Fcap. 8vo, cloth, Gx. 

%* The SECTIONS separately: KESWICK WINHRUMEUK and LANODALR 

COMSTON, HUTTKKMEKE, and WA8TWA1EU GlSABUKHE and ULLSWATKK. With 

Maps, price Is. 6d. each 

SMALLER PRACTICAL GUIDE to the ENGLISH LAKE DISTRICT: 

Fcap. Bvo, \\ith Map, Is. td. 

PRACTICAL GUIDE to the ISLE OF MAN. With Chapters on Local 

Names, Mineralogy, Civil History, Ecclesiastical History, Geology, Itotauy, 
Zoology, Agriculture, Commerce, and Sea Trout-Iishing. With Map. Fcap. 
8vo, cloth, [>s. 

SMALLER PRACTICAL GUIDE to the ISLE OF MAN. With Map. 

Fcap. 8vo, 2s. 

PRACTICAL GUIDE to CARLISLE, GILSLAND, the ROMAN WALL, 

and NEIGHBOURHOOD. By II. J. JENKINWIN. With Chapters on Local 
Names, Geology, Mineralogy, IJotany, and Entomology. Map and Frontispiece. 
Fcap. svo, cloih, 5s. 

SMALLER PRACTICAL GUIDE to CARLISLE and NEIGHBOURHOOD. 

With Map. Fcap. Bvo, 2s. 

PRACTICAL GUIDE to the ISLE OF WIGHT. With Chapters on Local 

Names, History, Mineralogy, Ardia-ology, IJotuny, Geology, Natural II is lory, 
Commerce, Agriculture, Sea Wishing, and Yachting. Fcap. svo, clotli, with 
Frontispiece and 6 Maps, 5. 

SMALLER PRACTICAL GUIDE to the ISLE OF WIGHT. With Two 
Maps. Fcap. vo, 2s. 

KING. VIRGIL'S JENKID: Translated into Englbh Verse by the Rev. J. M- 
KING, Vicar of Cutcombe, late Scholar ol Ball. Coll., Oxon. Second Edition. 
Crown 8vo, cloth, 7*. Gci. 

LANCASHIBE,-The COUNTY BOOK OF ENGLAND, and OFFICIAL 
LIST. Lancashire, 1875. Comprising every Official Pcnou in the County. 
Crowu bvo, bound in roaii, red edges, 6s. 



Edward Stanford, 55, Charing Cross, London, 



SELECTED LIST. 



LEECH.-IRISH RIFLEMEN in AMERICA. % Amiro* BLEKKERHASSETT 
LKEOH. With Coloured Hates and a Map. Crown two, cloth, 6s. 

LEWIS.-'HH- ENGLISH LAXOUAGK: Its KKAMMAR and HISTORY; 
together with u TREATISE uu ENGLISH COM POSITION , ftc. By tin- ROT. 
lli.MM LMV\ B.A., Principal of Culbun Training College, tfixth Edition. 
Fcap. Xvo, cloth, a. 

10NUL1SH (1KAMMAJI for RECINNKRS, in a SKRFES of EASY 

LKSSONS. By the lli-v. HKKIIT LEWIS, H.A., Principal of CnUiam Training 
College. Intended fur the use of Junior UUBWS, and us an Introduction to the 
Author ' large? English (jrammnr. Second Edition. Fcap. HTO, '2d. 

LEWIS.-I>KII<:ST OF THE ENGLISH CENSUS OF 1H71, compiled from the 
Oflieinl Upturns ami Edited by JAKE*. I.KWIH (of the Kegistrar-General's 
J'l'piirlnient. Somerset House). Sani-tloiiel hy thf llegihtrar-tioneral, and 
(leiliculpd hy in-nui^ion to tlie 1'ret.ident, Vicc-rresidtntB, and Council of the 
iStiitiNticul tSn-i< ty oi Lunduu. lioyal K\O, clutli, bs. 

LONDON GUIDE AND MAP. How to pot from or to any part of 
Limilnii, or its Snlmrl*. Pahlic iSuildtrig, 1'lnce of Wortthi{>, Exhibition, In- 
stiUiiiou, J'lacoof AinuM-int'iit, &c. ; with Times, Fares, Prkeb of Admission, 
fcipwialiy, &c. I'rinted in colours. New Editiou, 1H7. Crown 8vo, clotli, a*. 6d. 

LTJCAS. HORI/ONTAlj WELLS. A Now Application of Geological 
I'l im'ijtlcs to effect tlie Sulution oJ the Problem of Supplying Uindon with 
Water. I'.y ,T. LrrAS, F ( J.S., of the Geological Survey of England. With Maps. 
Crown 4 to, cloth buck, 10*. 6d. 

MANLY. PlUNni'LES of BOOK-KEEPING by DOUBLE ENTRY, in a 
Series of Easy and Progressive Kxeicises. By the late HENRT MANLT, for more 
than thirty-three yenis Principal Writing Aliistcr and Teacher ol Book-keeping 
in the City ol London School. Fourtli Edition. Revised and enlarged Ij 
HEKIIT WILLIAM J\!ANL\, F.l.A. Demy 8vo, cloth, 4. 6d. 

MABTIN. THEORIES of HORIZONTAL CURRENTS in tho OCEAN and 
ATMOSPHERE, und of Eastation of Planetary and other Celestial Bodies, 
being ne\\ Theories of Natural Forces ntt belore discovered, and accounting for 
muny Natural Phenomena, hitherto unsolved problems. By JOHN MAJJTIK, 
of .Melbourne, Australia. It IUus,trutions. Crown 8vo, cloth, 3s. 

MEADEN.-A FIKST AIXJKBIIA for Use in Junior Claw*. By the ReT. R. 
ALIIAK MKAHKN, M. A., Senior Mathematical Master of the Bradford (rrammar 
School. Fourth Edition, revised and enlarged. Fcap. 8vo, cloth, la. 6d. 

MEDHTJBST.-The FOREIGNER in FAR CATHAY. By W.H. MEDHUKST, 
H.B.M. Consul, Shanghai. With Coloured Map. Crown 8vo, cloth, U. 

MILLETT.-An AUSTRALIAN PARSONAGE; or, the SETTLER and the 
SAVAGE in WESTERN AUSTRALIA. With Frontispiece. By Mrs. 
EDWARD MILLKTT. Second Edition. Large post yvo, cloth, 12i. 

MTJLHALL.-HANDBOOK TO THE RIVER PLATE REPUBLICS : Cbm- 
prising Hucnos Ayres and the Provinces of the Argentine Republic, and the 
Republics of Uruguay and Paraguay. By M. G. and E. T. MULHALL, Pro* 
prietors and Editors of the Buenos Ayres ' Standard' With Map and Two 
Plans. Crown vo, cloth, 8s. 

Edward Stanford, 55, Charing Cross, London, 



BOOKS. 



NOBLE. l>KSCniITlVK HANimoOK <)F TIIK r.xi'l 1 , COLONY- KM Con- 
dition ami Resources. l>y .Ions NOHLK. Clerk of the House ol AhWHiWy, Cape 
ol Good Hope. With Map mid llliMuitioiih, (;KI\\II svo, cloth, in*. 0<<. 

PALMER.-Thc OUDXANTK SiHIVKY of ilio KINGDOM: Its Objects, 
Alode of Kxecntioii, HiMory,and !Ye*ent Condition. liy Captain 11. S. I'AI.MKU, 
K.K. Five Coloured Index Maps. ]>ciuy svo, cloth, '.ii. (nf. 

PHILPOT. fJUIPK HOOK to the TAX ADI AN IKMIMX: Oiutuininn 
full infonnutiun for the Kuilgraiit, the Tourist, the Spm-ismaii. and (lie small 
CiipilalKt. By HA.UVKV ,1. T'IIIU-OT, M.D. 0\madu). M I: <'S L.. An:. VVit.lj a 
Prefiicp by THOMA UUGHKK, liwj., M.K. and Mup. Miper-icyal Kinm, -i.s-. 

POOR BELIEF IN DIFFERENT PARTS OF EUROPE: 

boiug a Selection of hasays, translated jrom the (iermmi Work,' I'.IK Amu-n- 
wesen und die Armfiigewf/pehimir in KuropJiisrlirn StanlfU lieriius^'gelteti,' 
Von A. Jimmmglmus. lleviN-d ly K. Jf. KA.SIVTICK, <:.I5., Al.r. rn\vn xvo, 
clotli, 7s. 



. 

By A. C. UAD.SAY, LL.D., KK.S., &(-., Dir'iir-lJ-iuMnl of tin- 
Surveys of the United Kiiiploin. Fourtlj Kdition, coiiMtler.ilily etilt 
Illutitnited with XUMKHOI .- SIOTIOKS and a <il'L<Xili:AL AlAI'ol O'UKA'l' 
ItlllTAliN, printed in Ujl.mn,. I'ost hvo, cloth 7*. M. 

EOBSON.-CONSTRIJCTin-: I.ATJX KXKUriSKS.Ior'J'iwl.lnn HIP UementH 
of the IjjiiiKiiMp- on a System of Analysis und SyntheHN, \\jth Litin R'ndln^ 
Ijes>onsand copious \ ocahulancs. l'>y ,!OHN Coi'thox, I!. A. L<nd., Secretary of 
Unlverbity College, l^omlon. jNinth Edition. I'Jmo, tlotli. !.'>. Of/. 

- FIKST (JRKKK HOOK. Containing Kxenws and IbwlinK I^RHIIH on tho 
Jnflexionfi ol Sub^tantiveR ami Adject i vs. With copious Vor.ilmlaricH. JJy 
JOHN lioneoN, ll.A. Loud. Third Wition. li!ujo, clotli, .'is. Vd. 

RUSSELL. KIA RIUTZ and the- BASyQK COUN ritll-X By < VH;NT HENIIV 
KU^.SKLL, Member of the Geographical and (ieolngica) .Societies ol France t ol tlie 
Alpine Club, and Societe llamuud, Author of 'J'au und tho J'yreueeB,' A:c. 
Crown \ 'o, with a Map, 6s. 

SCHOOL-BOYS' LETTERS for COPYING and DICTA- 

T10N: being a Series of Lit hueraphed Letters on Subjects intt-n-stlnp to 
School-Itoys, with Retnarlrs on tin- KuwiiiUiil* of Good W'ritiHg, A:c. 'Ihird 
Edition. Large post vo, cloth, 2*. Gd 

SHARP. lUWIMKNTS of GKOLOGY. By SAMfiri. SHAW, K.S.A., K.G.S. 
Inlnkiuctory and Physical Strnti^raphiciil and l'al,eoiiLol<jgical. Second 
Edition, revised and enlarged. Crown vo, cloth, 4s. 

SULLIVAN. TIIK I'RINCKS OF INDIA. An Historical Narrative of tbc 
principal eveiito from tlie Invasion of ftlahnioud of (ihizui to that oi Nadir 
Shah. By Sir KDWAKD SCLLIVAS, Hart., Author of ' I/ it TM on India,' ' Trip to 
the Trenches/ ' liaitibles in Noiih and South Aiuwlca,' &c. Second Wliion. 
Crown Hvo, cloth, with Map, M.S. 6d. 

SHERRY.-KKOM V1NKYAKD to DF^ANTKn.. A Hook alunt. Sh-rry. 
By DOK I'KDKO VKEUAD. With a Map of tho Jerez District. 5th Thou- 
sand. leap. HVO, cloth, 1. 

WILLIAMS. THROUfJH NOItWAY WITH A KNAPSACK. A New and 
Improved Kdition. By W. M. WILLIAMS, F.U.A.S., F.C.S., &c. Crown 8v, 
doth, with Frontispiece and Map, (ft. 



Edward Stanford, 55, Charing Cross, London. 



SELECTED LIST. 



(wiv if f^^v yy 

iwntrjr or dftlull 



EUROPE. Scale, 50 miles to an fnrh ; size, 65 inclios by 58. Cfllonred and 
mounted on linen, in morocco case, M. 13s. Gd. ; on roller, varnished. 3i. ; spring 
roller, Gl. 

ENGLAND and WALES. ScaV-, 5 miles to an inert ; size, 72 inches by 84. 
Coloured, 2/. l'2jr. foi. ; mounted on linen, in morocco caw.lU. 13s. &L; on roller, 
varnished, 4?. 4s. ; spring roller, /. fo. 

LONDON and its SUBURBS. On the scalp of six inches to a mile : 
constructed on the bnsi* of the Ordnance block plan. 1 'rice, it) sheets, plain, 
2}x. ; coloured, in a portfolio, 31s. tk/. ; mounted on linen, in morocco case, or on 
roller, vjirniKhed, 2Z. 15s.; on spring roller, 57.. !">.<;. Single sheets, plain, R ; 
coloured, Is. GU. A Key Map may be had on application, or per post for one 
stamp. 

SCOTLAND. Scale, five miles to an mob; size, 52 inches hy 76. Coloured, 
42j. ; mounted on linen, in morocco case, 3. as. ; on roller, varnished, 31. 13.6<2.; 
npruiK roller, 52. Os. 

IRELAND. Hcale, 4 miles to an inch; size, 66 indies by 81. Coloured, 
11. Us, tid.; mounted on linen, in morocco case, l il. I'JLs, 6t/.; or, on roller, 
varnished, 'A 3s. ; spring roller, fiZ. 55. 

IA.^ale, 110 miles to an inch; size, 6S inches by 5R. Coloured and 
mounted on linen, in morocco civse, o/. 13f. 6d. ; on roller, varnished, :U. ; spring 
roller, 61. 

APBICA. Saile, f)4 miles to an inch; size, 58 inches hy 65. Coloured and 
mounted ou linen, in morocco case, 3i. 13s. fcd.; on roller, varnished, 3i.; spring 
roller, tU. 

NORTH AMERICA. Scale, 83 miles to an inch; size, 58 inches by 65. 
Coloured and mounted on linen, in morocco cast 1 , 3/. 13*. &1; on roller, 
varnished, 3?. ; spring roller, M. 

CANADA. LARGE MAP of CANADA, inchidinp New Branswkk, Nova 
Scotia, Newfoundland, and a large portion of the United States. By .Tony 
AKUOIVSMITH. Scale, 15 miles lo an inch; size, 90 inches by 54. Eight 
Coloured {Sheets. 

UNITED STATES and CENTRAL AMERICA, with Canada, 

New Brunswick, Nova Scoti;t, Newfoundland, and ihe "West Indies. Scale, 54 
miles to an inch ; size, 72 inches by 56. Coloured and mounted on linen, in 
morocco case, 3i. 13*. 6<f, ; on roller, varnished, 3l. ; spring roller, 6Z. 

SOUTH AMERICA. Scale, 83 miles to an inch; size, 58 inches by 65. 
Coloured and mounted on linen, morocco case, 3J. 13s. 6cl: oil roller, varnished, 
31. ; spring roller, 61. 

AUSTRALASIA. Scale, 64 miles to an inch; size, 65 inches by 58. 
Coloured and mounted on linen, morocco case, 3J.13*. 6<J. ; on roller, yarafched, 
3Z. ; spring roller, 61. 



Edward Stanford, 55, Charing Cross, London. 



GENERAL MAPS. 



ETJROFE. 

EUROPE. STANFORD'S PORTABLE MA? of EUROPE; showing the 
latest Political Boundaries, the Railways, the Submarine Telegraphs, &c. Scale, 
150 miles to an inch; size, 36 inches by 33. Fully coloured and mounted on 
linen, in case, lus. ; on roller, varnished, 14s. 

CENTRAL EUROPE.-DAVIKS-S MA? of CENTRAL EUROPE; 
containing all the Kail ways, with their Stations. The principal roads, tho 
rivers, and chiet mountain ranges are clearly delineated. Scale, 24 miles to 
an inch ; size. 47 inches by 3. Sheets, plain, 10s. ; coloured, 12s. ; mounted on 
linen, in case, 16s. 

AUSTRIAN EMPIRE. By .1. AKROWSMITII. Scale, 28 miles to an inch; 
size, 26 inches by 22. Sheet, coloured, 3s. ; mounted In case, 6s. 

DENMARK and ICELAND. By J. ARTIOWSMITH. Scale, 13 miles to 
an inch; size, 22 inches by 20. Sheet, coloured, 3s. ; mounted in case, 5s. 

FRANCE, in DEPARTMENTS. With a Supplementary Map, divided 
into Provinces, and a Map of the Island of Corsica. By -T. AUKOWKMITH. Scale, 
31 miles to an inch; size, 22 inches by 26. Sheet, coloured, 3s.; mounted in 
case, 5s. 

GREECE and the IONIAN ISLANDS. ByJ. ARHOWPMITII. Scale, 
15 miles to an inch ; size, 22 inches by 26. Sheet, coloured, 3s. ; mounted in 
case, 5s. 

ITALY, including Sicily and the Maltese Islands. By J. ARUOWSMITII. Scale, 
20 miles to an inch ; in two sheets, size of each 22 inches by 26. Price of each, 
coloured, 3s. ; mounted in case, 5s. 

NETHERLANDS and BELGIUM, including Luxembourg and tho 
Country to the East as far as the Khine. By .J. AKKOWSMITH. Scale, 13 miles 
to an inch ; size, 22 inches by 26. Sheet, coloured, 3s. ; mounted in case, 5s. 

RUSSIA and POLAND, including Finland. By J. ABBOWSMITII. Scale- 
90 miles to an inch; size, 22 inches by 26. Sheet, coloured, 3*.; mounted in 
case, 5s, 

SPAIN and PORTUGAL. By ,1. ARKOWSHITH. Scale, 30 miles to an 
inch; size, 26 inches by 22. Sheet, coloured, 3s. ; mounted in case, 6s. 

SWEDEN and NORWAY. By J. AUROWSMITH. Scale, 35 miles to an 
inch ; size, 22 inches by 26. Sheet, coloured, 3s. ; mounted in case, 6s. 

SWITZERLAND. By J. ABKOWSMITH. Scale, 10* miles to an inch ; size, 
26 inches by 22. Sheet, coloured, 3s. ; mounted in case, 5s. 

TURKEY in EUROPE, including the Archipelago, Greece, the Ionian 
Islands, and the South part of Dalmatia. By J. AKBOWSMITH. Scale, 40 miles 
to an inch ; size, 22 inches by 26. Sheet, coloured, 3s. ; mounted in case, 6s. 
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BRITISH ISLES. 

ENGLAND and WALES.~LAU<;K SCALE RAILWAY and STATION 
MAP of KN(JLANI) ami WALKS. In 24 sheets (sold sepurately). Con- 
Ktrnctcd on the baMs of rlie ti iKonoineirirul survey. By .1. A uiww MMI m. Scale, 
3 miles to an inch; size of c.ieli sheet, '2(1 niches by 2s. Price, plain, is.; 
mounted in case, Us. /.; colour^ 1.x (Id. ; mounted in case, :te. Size of the 
complete in.i]>, 114 indieN by l!i. Pn<r, plain, in case or portfolio, M fa.; 
coloured, in case or portfolio, ]/. w? ; mounted on cloth to fold, in case, coloured, 
41 4$.', oij canvas, roller. and varnished, -17. 1 \s M. : mi spring roller, 5l/. 9s. 

ENG-LAND and WALES. SI' A NF01 ID'S pnRTAliU; MAP of KNG- 
LAN1> and WALKS \\it\i the Jtnilways very dearly delineated; thr Cities 
and 'In\Mis dlhtiiiKuisliod ai-cordliif? to thfir I'opnlaiton, &<. Scale, ifi inilf.s to 
an inch ; M/C, 'JS indies by oli. Coloured and mounted on linou, in ca^e, 5s.; 
or on roller, varnished, w. 

WALES.- NOKTI1 and SOUTH ^'ALKS. Ko-ifene of Walker's Map, 
thoroughly revised and corrected to the present date. Scale, 3 miles to an inn. 
Kadi iu sliwt, 3U inchi'h by H7, colouri'd, 3s. ; uumntc'd to lold in ca fur the 
pocket, 6s. 

SCOTLAND, in COUNTIES. With the Roads, Itivers, ftc. By J. 
AKUOW.SMITH. Scale, VI miles to un iudi; size, 212 mchch by 2C. Sheet, 
coloured, ;ts. ; mounlcd in ease, [is. 

IRELAND, in COUNTIES and BARONIES, on the basis of tta 
Ordnance Survey and the Census. Stvle, s miles to an inch; size, 31 inches 
by :J8. On two sheets., coloured, H.S. ; luounled on linen, in wise, 10*. 6d. ; on 
roller, varnished, 15s. 

IRELAND, in COUNTIES. With the Roads, Rivers, &c. By J. 
Aiutou SMITH. Scale, 11! miles to an inch; size, '22 indies by "26. Sheet, 
coloured, 3s. ; mounted m case, 5.v. 



COLLINS* STANDARD MAP of LONDON Is admirably adapted 
lor visitors to the C:ty. Scale, -I mdies to a mile; size, 34 J inrhes by 27. 
Prico, phiin, in easo, is.; coloured, 1^. M.; mounted on linen, ditto, 3*. 6(i.; 
on roller, varnished, ^s. tid. 

BRITISH METROPOLIS.-HAVIKS'S NEW MAP of the BRITISH 
MKTKOWLIS. Scale,:; indies to a mile; si//-, .% inches by 25J-. Price, 
plain sheet, :$s. 6<i,; coloured, ft*'.; mounted on linen, in case, Is. M.; on roller, 
varnished, 10s. G<J. With continuation southward beyond the Crystal Palace, 
plain sheet, 5s.; coloured, 7$. 6(i.; mounted on linen, iu case, 11$.; on roller, 
varnished, 15s. 

RAILWAY MAP of LONDON and ENVIRONS.-S TANFORIVS 
SPECIAL MAP of the RAILWAYS, RAILWAY STATIONS, TRAM- 
WAYS, POSrAL DlSl-RItTI'S, and SUIMUSTK1CTS, in LONIK)X and its 
ENVIRONS, scale, 1 inch to a mile; Blze> 24 inches by 26. PrivC, coloured 
and folded, Is. ; mounted on linen, in case, 3s. 

ENVIRONS of LONDON. -DAVIES'S MAP of the KNVIROXS of 
LONDON. Scale,! inch to a mile; size, 43 inches by 32. Price, sheet, plain, 4s. ; 
coloured 6s, 6d ; mounted on linen, in cose, Ss. ; or on roller, varnished, 145. 
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ASIA- 

GENERAL MAP OF ASIA. Uy J. Aumiwwimi. Scalp, 300 miles to 
an inch ; size, 2(1 inches by l!ii. Shwt, coloured, 3. ; mounted, in case, fte. 

NORTHERN ASIA, including Sihoru. Katntschalka, Japan. M.mtrlioorla, 
Mongolia, Tchoimgarw, TnVi.and the Himalaya Mountains, [ty .1. Aiticow- 
BMITH. Seal". 170 miles loan inch ; sl/f, Ut> mchi-h by UU. Sheet,' coloured, 4.; 
mounted, in case, 7*. 

CENTRAL ASIA. STA \F01ll >'S MAI' of CICXTRAL ASIA, inrlnding 
Teheran, KMv.i, Bokhara, Kokaii, Yurknnil. Ivalml, IliTut.k. . Scale, 110 milcH 
to an inch ; M/<;, 2'J indies )>y 17. Colouied sheet,-. 1 !. G'i.; mounted, in ciihi 1 , Gs. 

ASIA MINOR, &C. (FUKKKY in ASIA). With portion., of Persia, the 
Caspian Sm, and tlic Cnucasiau MunntJiinx Jiy .). AKICOWMIITII. Sonic, r), r > 
milt's to an inch; size, UG mchos ly ^^. tJn<r't, coloun-d, yA 1 . ; uiounici), in 
case, 5A 1 . 

INDIA. STAXFOUD'S XKW I'OKTAl'.LK MAP of JXDIA. Kxhil)iting the 
I'nwtit l>i visions ol tlic Country lurordir^ ti Ihc nmst Jiect'nt Survcyn. Scul* 1 , 
86 miles to an inch : M-/.I\ 1!<.> mi'lu^ by '.\(>. Colovirod, <is. ; luuuuieU on linen, in 
case, MS.; on roller, varnished, IJ.s. 

INDIA. MAI' of INDIA. My J. AICROWMMTII. Sailc, Do mik-B to an Inch; 
bizt-, '& inclios )y liG. Sliwt, coloured, ;j.s.; inountwl in casi', fts. 

CEYLON. M AP nf CEY l/>\. Coiwtnirtcd from a liasc of TriaiiKulatiotis and 
corrw-poridinn Astronomical Olwfsrvation.s. Jty Miijor-iicm-rul .IiiN KUAHKK, 
late Ivjiuiy-^uartcrmasU'i-tjcnenil. KocoiiKHuctcd l>y JOHN AUKOWMMITH. 
Scale, 4 miles 10 an inch ; size, 5'2 inclics ly 7s. iM^ht hln-ciK, coloured. U. 6*.; 
mounted, in cast', \\L l.'Js. fid; on rollei, vurnbhed, 4t. 4s.; spring roller, 
07. ls. GU. 

CEYLON. -COFFKK KSTATKS (f CKY W\. Map showing thf Pofition of tho 
K-tatcs in the Central Province of Oylon. I5.V J. AuuuwtuiiTii. Size, 
Sliuet, coloured, Ite 1 . ; mounted, hi case, 5s. 



BURMAH. &C. A Map showing thp various Jiouteg jjropohi'd for connecting 
China with India and Luropo thnugh iiunnali, and devciopniK the Trade ot 
Kahtern Bengal, Kurmah, and China. Pre|are<l under the. dimiion of JOHN 
OorLvr HAY, F.lKi.S. Sc.tle, ;:3 miles to an inch; sizi-, 27 inches by 32. 
Coloured, 3.V.; mounted, in case, 5s. 

BURMAH and ADJACENT COUNTRIES. -Compiled from 
various MSS., and other Documents. Jty J. AcuoubMirn. Scalw, 24 miles to 
an inch; size, 26 inches by '22. Sheet, coloured, .'is.; mounted, in case, 5*. 

CHINA. MAP of CIIIXA. Ity J. AKUOWSMITH. Scale, 90 miles to an inch ; 
size, 2G inches by 22. Sheet, coloured, y.v. ; mounted, in aw, 5*. 

CHINA and JAPAN.-STAXFORD'S MAP of the KMI'IRKS of CHINA 
and JAPAN, with tb Adjacent PartH of British India, Asiatic Kusnio, Durrnah, 
&c. Scale, 110 uiile.s to an inch ; size, 38 indu'B by 24. One aheet, full coloured, 
84. ; mounted on linen, in case, 10. 6cl. ; on roller, varnUied, 14. 
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GENERAL MAP of AFRICA.-By J. ARROWPMTTH. Scale, 260 miles 
to an inch ; sizc 4 22 inches by 26. Sheet, coloured, 3s. ; mounted, in case, 5s. 

EQYPT. MAP of EGYPT. Compiled from the most authentic materials, and 
founded on the best Astronomical Observations. By Colonel W. M. LEAKE, 
K.A..LL.1)., F.R.S. Scale, io miles to an inch; SIM:, 31 inches by 52. Two 
sheets, coloured, 21s. ; mounted, in case, 28s. ; on roller, varnished, 36s. 

EGYPT. MAP of EGYPT: including the Peninsula of Mount Sinai. By 
J. AimowHMiTn. New Edition. Scale, 20 miles to an inch; size, 22 inches by 
26. Sheet, coloured, 3s. ; mounted, in case, 5s. 

AFRICA (NORTH-WEST). MAP of NORTH-WEST AFRICA, in- 
eluding the Coast of Guinea, and' the Isle of Fernando Pt>, on the South, and the 
Western parts of Egypt and Darfur, on the East. By J. AKUOWSMITH. Scale, 
130 miles to an inch ; size, 26 inches by 22. Sheet, coloured, 3s. ; mounted, in 
case, 5s. 

AFRICA (SOUTH). MAP of SOUTH AFRICA to 16 dep. South Latitude. 
By HKNRY HALL, Draughtsman to the Royal Engineers, Cape Town. Scale, 50 
miles to an inch; size, 3-1 inches by 28. Two sheets, coloured, 10s. 6<Z. ; 
mounted on linen, in case, 13s. 6cZ.; on roller, varnished, 15s. 

AFRICA (SOUTH-EASTERN). ~ MAP of SOUTH-EASTERN 
AFRICA. Compiled by HF.NKT HALL. Scale, 25 miles to an inch; size, 26 
inches by 22. Sheet, 4s. ; mounted on linen, in case, 6s. 

AFRICA (WEST COAST).-MAP of the WEST COAST of AFRICA. 
Comprising Guinea and the Hritisb Possessions at Sierra Leone, on the Gambia, 
and the Gold Coast, c. By J. ARKOWSMITH. Scale, 50 miles to an inch. Two 
coloured sheets; size of each, 22 inches by 26. 6s. Mounted, in case, 10s. 

CAPE of GOOD HOPE and SOUTH AFRICA MAP of SOUTH 
AFRICA, Cape Colony, Natal, &c. By HENRY HALL. Scale 50 miles to an 
Inch; size, 29 inches by 17. Sheet, price 4s. 6d; mounted, in case, 6s. 6d. 

CAPE COLONY (EASTERN FRONTIER). MAP of the EASTERN 
FRONTIER of the CAPE COLONY. Compiled by HKNRY HALL. Scale, 
8 miles to an inch ; size, 40 inches by 38. Sheets, 18s. 6<J. ; mounted on linen, 
in case, 25s. ; on roller, varnished, 31s. 6<2. 

NATAL.-A MAP of the COLONY of NATAL. By ALEXANDER MAIB, Land 
Surveyor, Natal. Compiled from the Diagrams and General Plans in the 
Surveyor-General's Office, and from Data furnished by P. C. SUTHERLAND, Esq., 
M.D., F.R.S., Surveyor-General. Scale, 4 miles to an inch ; size, 54 inches by 80. 
Coloured, Four Sheets, 21. 5*. ; mounted, in case, or on rollers, varnished, 3i. 

NATAL.-MAP of the COLONY of NATAL. Compiled in the Surveyor- 
General's Office. Size, 11| inches by 14 . Sheet, coloured, !.; mounted, in 
case, 2s. 6d. 

NUBIA and ABYSSINIA, including Darfur, Kordofan, and part of Arabia. 
By J. ARROWSMITH. Scale 65 miles to an inch ; size, 26 inches by 22. Sheet, 
coloured, 3s. ; mounted, in case, 6s. 
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BEITISH COLUMBIA.- NEW MAP of BRITISH COLUMBIA, to the 

56th Parallel North latitude, allowing the Now (Sold Fields of Ommeca, tbe 
most recent discoveries at, Cariboo and other places, and the proposed routes lor 
tlio Inlcr-Ocoanic Railway. Scale, '25 miles to an Inch; size, ;ui inches by 27. 
Price, in sheet, coloured, 7s. t><j(. ; or mounted on linen, in case, llto. t>ci. 

CANADA.-MAP of UPPER and LOWER CANADA, New Brunswick, Nova 
Scotia, Prince Kd ward's Island, (Jape Breion Island, Newfoundland, and a large 
portion of the United States By ,). AIUIOWHMITH. Scale, 35 mill* to an im-h ; 
size, 40 inches ly 1'G. Two sheets, coloured, tis. ; mounted, in case, 10*-.; on 
roller, varnished, 155. 

UNITED STATES and CANADA. STANFORD'S NEW RAILWAY 
and COUNTY MAP of the UNITED STATES and TERRITORIES, together 
with Canada, New Brunswick, &c. Scale 54^ miles to an inch ; siw, 57 inches 
by 36. Two sheets, coloured, '2ls. ; cade, '25s. ; on rollers, varnished, 3us. 

UNITED STATES.-STANFORD'S HANDY MAI' of the UNITED 

STATES. Scale, stO miles lo an inch; si/e, 40 inches by 25. Coloured sheet, 
7s. 6d. ; mounted, in ease, 10$. Kd. ; on roller, varnished, 15s. 

UNITED STATES. STANFORD'S SMALLER RAILWAY MAP of the 
UNITED SPATES. Scale, I2n miles to an auh; size, u<> inches by 17$, Two 
sheets, coloured, 48. (>d.; mounted on haen, in case, 0,v. tid. 

CENTRAL AMERICA.-BAI LEY'S MAP of CENTRAL AMERICA, 

including the States of Guatemala, Salvador, Honduras, Nicaragua, und Costa 
Kii'a. Scale, y miles loan inch ; size, 40 inches by 27. Sheet, 7. Gc/.; mounted 
on linen, in case, lus. Cti. ; on rollei, varnished ]<ls. 

MEXICO. A GENERAL MAP of the REPUBLIC of MEXICO. By the 
Brigadier-General PKDKO GARCIA CHMUC. Engraved from the Original Survey 
made by order of the Mexican Government. Size, 60 inches by 37. Sheets, 
price, ins. tki. ; mounted on linen, in case, IK*. 

BERMUDAS. MAP of the BERMUDAS. Published by direction of His 
Kxcellency Major-Geneial ,1. II. LLJ-KOI, C.B., K.A., Governor and Coiumaiidt-r- 
in-Chief of the Bermudas. Scale, 2J miles to an iuch; size, 62 inches by 63. 
Mounted, iu case, or on roller, varnished. 21s. 

WEST INDIA ISLANDS and GUATEMALA. Showing the 
Colonies in possession of the various European Powers. By J. AUUOWHMITH. 
Scale, 90 miles to an inch ; size, 20 inches by 22. Sheet, coloured, a. ; mounted, 
in case, 5s. 

JAMAICA. A NEW MAP of the ISLAND OF JAMAICA. Prepared by 
THOMAS HAKKISON, Government Surveyor, Kingston, Jamaica, under the direc- 
tion of Major-GeneralJ. R. MANN, 11. E., Director of Roads arid Surveyor-General. 
Scale, 25 mil. s to an inch : bize, 64 inches by 27. Mounted, in caae, or on roller, 
varnished, 2ls. 

BARBADOES. Topographical Map, based upon Mayo's Original Survey in 
1721, and corrected to the year 1846. By Sir KOBEKT H. .SCHOMBUKGH, K.K.E. 
Scale, 2 miles to an Inch ; size, 40 inches by 50. Two sheets, coloured, 21*. ; 
mounted, in case, 2&t. ; on roller, varnished, 37*. 
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A-TJSTItA.LA.SI-A.. 

AUSTRALIA. From Surveys made liy order of the British < Jovernment, com- 
hincd with those of D'Kntre, C;U,"au\, Ifaindin. Fn-yriwi, in; By J. Ai:unw. 
SMITH. Scale, .MII miles to :in inch. On two sheets; size ol each, 22 inches by 
'26. Sheets, coloured, (in.; mounted, in case. Ills. 

EASTERN AUSTRALIA. Constructed from Official and other original 
Documents, adjusted to ilic Muriiime Survey ol' Flinders, Kins. Wickham, 
Stokes, Illavkwoiiil Stanley, &u liy ,J. AUKOWSMITH. Scale, 27 miles to an 
inch ; size, 05 inches by 77. [Ane Kdituin,prepa.riny. 

WESTERN AUSTRALIA.- With Plans of Perth, FremantJ", and Uuild- 
ibrd. From 1h<- Survey* ol .John Septimus I!oe, Ksq., Surveyor-General, and from 
other Odiciul Docunie'nts in the Colonial Office ami Admiralty. By .1. Amiow- 
SMITII. Scale, Mi miles to an inch ; mze, 4u inches by 2'2. Two sheets, coloured, 
6s. ; in case. lo.v. 

SOUTH AUSTRALIA. Showinc the Division into Counties of the settled 
portions of the Provimv. With Situation ol M ines of Copper and Lead. From 
the Surveys of Capt. Krome, U.K., Sur\eyoi-(ieneral ol the Colony. By J. 
ARUOWBMITII. Scale, 11 miles to an inch ; size, '2'2 inches by iiG. Sheet, 
coloured, 'Js ; in case, 5fi. 

QUEENSLAND. STANFORD'S Ni:W MAP of the PROVINCE of 

gUKKNSLANU (>'ortli-Kastern AnatraluO : Compiled from the most reli- 
able Authorities. Scale, 61 miles to an inch ; w/,e, 18 iuches by 23. In sheets, 
coloured, '2s. (iU. ; mounted on linen, in case, 4s. dd. 

VICTORIA. A NEW MAP of Iho PKOVINCK of VICTORIA (Australia) : 
Showing all the Roads, llivcts. Towns, Counties, Gold Di^inps, Sheep and 
Cattle Stations, kc. Scale, '20 miles to an inch ; bize, 'J] inches by 21. In 
sheet, 2s. tod. ; or mounted on linen, in case, <U\ 6tf. 

NEW ZEALAND.- STANFORD'S MAP of NKW ZEALAND: Compiled 
from the most recent I )>< nmentt.. Scale, G-l miles to an inch ; si/A 17 inches by 
19. Full-coloured, in sheet, '2s. ; mounted on linen, in case, 3s. tkf. 

NEW ZEALAND. From Official Documents. By .1". AUIIOWSMITH. Scale, 
3rt miles to au inch; size, '2'2 inches by 'JG. Sheet, coloured, 3s.; mounted, in 
cose, 5. 

NELSON and MARLBOROUQH.-A XKW MAP of the PRO- 

VJNCKS of NKIjSON and MAKUtOKOrUH, In XPW Zealand, with Cook's . 
Strait, and the Southern Part of the Province of Wellington. Scale, 8 miles to 
an inch. Size, 40 indies by 27. In sheet, coloured, Is. tid. ; mounted on iinca, 
iii case, 10$. Gel 

TASMANIA (Van Diemen's Land). From MS. Surveys in the 
Colonial Office, and in the Van Dletnen's Land Company's Office. By J. ABROW- 
BMITH. Scale, 10.! rniles toon inch ; size, '2'2 inches hy 26. Sheet, coloured, 3*. ; 
mounted in case, 5s. 
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School JJlaps. 



STANFORD'S NEW SERIES OF SCHOOL MAPS. 

Prepared under the direction of the Soni'/rv 101: I'UOMOTINT. CHRISTIAN KNOWLKIXIK 
and ol the NATIONAI, Soni/rv, are patroni/ed by Her Majesty's tiovfrnntent 
for the Army and Navy School, the CoimmsMoners of National Kduuilion tor 
Ireland, the School lioards ol London, KdinburK'i, Bumiiijjhani, Liverpool, 
Manchester, Sheffield. Leeds, I!nulit.ou, Hnsiol, Bradford, Canterbury. Derby, 
Glasgow, Halifax. Ilnddersiiekl, Hull, Leicester, NeuaiHtlc-on-Tync, NoUing- 
hatru Uklhani, Perth, Scarborough, Stockton, Sunderlmid. West Hroimvich. &c., 
and are used in the (Lie! hducutiomil l>tablislinients of (ireul Britain and the 
Colonies. The Series comprises the following Maps, size 5 inches by 50, 
coloured, mounted, and varnished, each }'.ln. : 



Eastern Hemisphere. Eng-land. 



Africa. 



Western Hemisphere. ; Asia. North America. 

Europe. Holy Land. | South America. 

British Isles. India. I Australasia. 

Also, si'/.e 41! inche.s Ity 3-1, each 95. 

Scotland. 1 Ireland. | Australia. | New Zealand. 
Old Testament. | New Testament. ] Acts and Epistles. 

The British Isles. Size 75 inches hy HO, price vis. 

The World in Hemispheres. SUM- lirj iaclieM hy 90, price 26s. 
This New Series of Law School Maps has been drawn und engraved with the 
Utmost care, and is constructed upon the principle of cornbininp; with ^eoKrapbicuI 
accuracy and systematic arrangement the hold outline arid lettering requisite for 
teaching. 

STANFORD'S SMALLER SERIES OF SCHOOL MAPS. 

Published under the direction of the SOCIKTY rot PKOMOTINO Cnitiflmx KNOW- 
LEDGE and (^ftlie NATJOXAf. SOCII-TV. TJiese new Mup* retain all the character- 
istic boldness of the larger series, and are socially wiitable for small claHseH. 

The following are ready, coloured, and mounted on rollers, varniuhcd, 6s. ; or 
in coloured sheet, 2s. M. ; si/>e, 32 inches by 27. 

Eastern Hemisphere. Asia. I North America. 

Western Hemisphere. Holy Land. I India. 

The Hemispheres can be had mounted as one Map, coloured, and mounted on 
rollers, varnished, 12s. ; size, 54 inche.h by 32. 

Also, coloured, and mounted on rollers, varnished, 4s. ; or in coloured sheet, 
is. 6<Z.; bize, 17 incheK by 22. 
Old Testament. | New Testament. | Acts and Epistles. 

Maps of Houth America, Australia, and New Zealand are preparing, and will 
shortly be issued. 
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STANFORD'S NEW PHYSICAL SERIES of WALL MAPS, 

for uw in Schools and Colleges. Kdited by A. C. RAMSAY, LIJ)., F.U.S., &c., 

Director-General of the Geological Surveys of the United Kingdom. 

The British Isles. Scale, ll?, miles to an inch; size, 50 inches by 58, 

mounted on rollers, varnished, 30*. 
England and Wales. Scale, x miles to an inch; si/.o, 50 inches by 58, 

mounted on rollers, varnished, 'Ms. 
Europe. Scale, 05 miles to un inch ; size, 58 inches by 50, mounted on rollers, 

varnished, 30*'. 

The fottotnna Maps arc in preparation : 
Scotland. Scale, H mites to an inch ; hi/e, 3.1 inches by 42. 
Ireland. Scale, H miles to an inch ; size, 31 inches by 42. 
America, North. Scale, 97 miles to an inch ; size, 50 inches by 5$. 
America, South. Scale, 97 miles to an inch; size, 50 inches by 58. 

VARTY'S EDUCATIONAL SERIES of CHEAP WALL 

MAPS, for class teaching, constructed by AKHOWSMITH, WALKEK, &c. New 
and revised editions, coloured, mounted, and varnished. 

The World in Hemispheres'. Size, ri inches by 26. Price 12s. 

The World (Mercutor). Size, 60 inches by 32. Price 10s. 

The British Isles. Size, fti inches by 41. Price 10*. 

Also the following, each Cs., size, 34 inches by 26 : 
Europe. Australia. | Journeyingrs of 

Asia. England. i the Children of 

Africa. Scotland. ! Israel. 



America. Ireland. 

New Zealand, i Roman Empire. 



S. Paul's Voyages 
and Travels. 



VARTY'S LARGE OUTLINE MAPS. Price, in plain sheet, 2s.; 

coloured, 3s. ; mounted on rollers, 7. 
The World (globular), 2 feet 3 inches by 4 feet 3 inches. Price, in plain 

sheet, Is.; coloured, Is. t>d. 
The World (Mercator), 21. inches by 16 in. 
And the following, plain sheet, Is. 3d. ; coloured, Is. 6cZ.; mounted on rollers, 4s.; 

size, 2 feet 10 inches by 2 feet 2 inches. 



Europe. 

Asia. 

Africa. 



America. 
England. 
Scotland. 



Ireland. 

Palestine (0. Test.). 
Palestine (N. Test.). 



STANFORD'S OUTLINE MAPS. Size, 17 inches by 14, printed on 
drawing paper. A Series of Geographical Exerclsec, to be filled in from the 
Useful Knowledge Society's Maps and Atlases. Price 6d each. 

STANFORD'S PROJECTION SERIES. Uniform in size, price, &c., 
with Stanford's Outlines. 

The OXFORD SERIES of OUTLINE MAPS. Size, 16 inches by 14. 
Price 3d. each. 
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NATURAL HISTORY DIAGRAMS, &C. 15 



jstmrfortr's ghtgntms jof llafuntl |)bt0rn. 

THESE Diagrams, compiled by tlie eminent Scientific Mm whoso names arc appended, 
are drawn with the strictest regard to Nature, and the I'lalos have been engraved in 
the boat style of art. The Scries consists of Twelve Subjects, each arranged so that 
it may be mounted in one rfieet, or be divided into four sections and folded in the 
form of a book, thus rendering them available either for Class KxerciBen or indi- 
vidual study. 
Price of each, mounted on roller and varnished, 6s, ; or folded in book form, 4$. 

Characteristic British Fossils. By J. W. LOWUY, F.R.G.S. 
Characteristic British Tertiary Fossils. l*y J. W. LOWRY, F.R.G.S. 
Fossil Crustacea. By J. W. SALTER, A.L.S., F.G.S., and H. WOODWARD, 

F.G.S., F.Z.S. 

The Vegetable Kingdom. By A. HENFREY. 
The Orders and Families of Mollusca. By Dr. WOODWARD. 
Myriapoda, Arachnid a, Crustacea, Annelida, and Entozoa. 

By ADAM WHITE, and Dr. BAIRD. 
Insects. By ADAM WHITE. 
Fishes. By I*. H. GOHBE. 

Beptilia and Amphibia. By Drs. BELL and BAIRD. 
Birds. By GEORGE GRAY. 
Mammalia. By Dr. BAIUD. 
British Sedimentary and Fossiliferous Strata. By II. W. 

BJUSTOW, F.R.S., F.G.S. 



EDITED BY ROBERT JAMES MANN, M.D., F.R.A.S., F.R.G.S., late Super- 
intendent of Education in NataL IVlcc 9ci. each. 

ALGEBHA. i GRECIAN HISTOKY. 

ASTRONOMY. IRISH HISTORY. 



BOTANY. 
BRITISH CONSTITCTIOS. 
CHEMISTRY, 
CLASSICAL BIOGRAPHY. 
ENGLISH GRAMMAR. 
ENGLISH HISTORY. 
FRENCH GRAMMAR. 
FRENCH HISTORY. 
GENERAL GEOGRAPHY. 
GENERAL KNOWLEDGE, 
GRECIAN ANTIQUITIES. 



ITALIAN GRAMMAR. 
JEWISH ANTIQUITIES. 
Music. 
MYTHOLOGY. 
NATURAL PHILOSOPHY. 
ROMAN ANTIQUITIES. 
ROMAN HISTORY. 
SACRED HISTORY. 
SCOTTISH HISTORY. 
UNIVERSAL HISTORY. 
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16 SELECTED LIST, 



ttntr Animal |)rmfs, 



PRECEPTIVE ILLUSTRATIONS OF THE BIBLE. A Series 
of Fifty-two Prints t<> aid Scriptural Instruction, selected iu part by the Author 
of ' Lesson h on Objects.' The >vhole Irom Original iJosigns by S. BENDIXEN, 
Artist, expressly for this Work. They have been recently re-engraved, and are 
carefully coloured. Sine, 17} inches by 13. 

Price of the Work. 
The Set of 52 Prints, in Paper Wrapper .............. 52*. 

__ --- in One Volume, handsomely half-bound .. .. 60s. 

---- In Varty'fi Oak Frame, with glass, lock and key 60s. 

Single Prints, Is. each; mounted on millbourd, Is. 4oZ. each. 

VARTY'S SELECT SERIES of DOMESTIC and WILD 

ANIMALS, brawn from Nature and from the Woiks of Kmlnent Artists. In 
315 enrehilly-colouivd I'hites, exhibiting 1,'iO Figures. Size, 12 inches by 9. 
The selection of Animals has been limited to those which are most known and 
best adapted to elicit inquiry from the young, and afford scope fur instruction and 
application. 

Bound In Frame 
in Cloth. and Glass. 
Set of ,16 Prints .Coloured ...... 18s. .. 24s. .. 24s. 

--- plain ........ i2 S . .. 17*. .. iss. 

(Single Prints, coloured, 6d ; mounted on millboard, 1<W. 

The ANIMAL KINGDOM at ONE VIEW, clearly exhibiting, on 
four beautifully-coloured Plates containing 184 11 lustrations, the relative sizes of 
Animals to Man, and their comparative sizes wilh each other, as arranged ill 
Divisions, Orders, e., according; to the method of Jtorori Cuvicr. 
Exhibited on four Imperial Sheets, each 30 inches by 22 : 



Complete Set, 

Animals and Landscape, full coloured , 

Animals only coloured 

Single Plates,//l coloured 



j Cloth, 
Rollers, and 
Varnibhed. 

38s. 
35s. 
10s. 



On 

Sheets. 

18s. 
15*. 
6*. 



VARTY'S GRAPHIC ILLUSTRATIONS of ANIMALS, 

showing their Utility to Man, in their Services during T,jfe and Uses after 
Peath. Beautifully coloured. Size, 15 Inches by 12. Price, the set, 3U. 6d. ; 
in frame, with glass, lock and key, 39s. 6cZ. ; or half-bound in leathered 
lettered, 1 vol. folio, 42s. 

The 21 separate Prints may oJso be had, price U. 6i. each. 
Or Mounted oil Millboard, is. lod. 



For complete lists of EIWAKD STANFORD'S PUBLICATIONS, see hie GENERAL 
CATALOGUE of MAPS and ATLASES, LIST of BOOKS, EDUCATIONAL CATALOGUE, &c., 
gratis on application, or by post for one penny stamp. 
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